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ABSTRACT 
  This Study was carried out to detect the bacterial load and types of bacteria on the 
carcasses of broiler by applying the Hazard Analysis Critical Control Point (HACCP) 
system.  
From two Critical Control Points (CCPs); Pre-evisceration, and Post-evisceration, 
forty samples were collected and examined to determine the load, and type of bacteria. 
One hundred forty eight aerobic bacteria were isolated.   
        From five CCPs:  (1) Pre-evisceration (2) Post-evisceration (3) water (4) food-
handlers (5) wall, bacterial load was determined on these points. 
        Average aerobic plate counts of Pre-evisceration samples were 2.36x105 CFU/10gm 
where the averages of Post-evisceration samples were 5.34x106 CFU/10gm.  
          An average aerobic plate count of water before using was 1.034x105 CFU/ml with 
an average of coliform 1.6x104CFU/ml. While the average of water after using was 
1.5x105 CFU/ml, while coliform count was 1.5x105 CFU/ml. 
         An average aerobic count of workers at clean zone reflected the degrees in bacterial 
load 1.36x105 CFU/10cm2 while there was an increase in bacterial load in dirty zone 
8.54x105 CFU/10cm2. An average count for equipment was 3.68x105 CFU/10cm2, while 
an average count on wall was 7.76x104 CFU/10cm2. 
        The aerobic bacteria isolated were similar to those reported previously in the Sudan 
and else where. They included bacterial genera and species of spoilage and pathogenic 
microorganisms.  
      The observation obtained, showed the importance of implementing HACCP to have a 
good product with low bacterial load and free from pathogenic bacteria and acceptable 
for human consumption. 
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 ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
ل ﺍﻟﺒﻜﺘﻴﺭﻱ ﻭﺃﻨﻭﺍﻉ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻋﻠﻲ ﺫﺒﺎﺌﺢ ﺍﻟﻔﺭﺍﺭﻴﺞ ﺒﺘﻁﺒﻴﻕ ﻨﻅﺎﻡ ﺘﺤﻠﻴل ﻤﺠﺭﻴﺕ ﻟﻤﻌﺭﻓﺔ ﺍﻟﺤ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺃ ُ        
ﻨﻘﺎﻁ ﺍﻟﺘﺤﻜﻡ ﺍﻟﺤﺭﺠﺔ، ﻭﻤﻥ ﻨﻘﻁﺘﻴﻥ ﺘﺤﻜﻡ ﺤﺭﺠﻪ ﺍﻷﻭﻟﻲ ﻫﻲ ﻗﺒل ﻓﺘﺢ ﺍﻷﺤﺸﺎﺀ ﻭﺍﻟﺜﺎﻨﻴﺔ ﺒﻌﺩ ﻓﺘﺢ ﺍﻷﺤﺸﺎﺀ ﺠﻤﻌﺕ 
  .  ﺍﻟﻬﻭﺍﺌﻴﺔ ﻨﻭﻉ ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴﺎ٨٤١ل ﺯﺤﺼﺕ ﻭﺘﻡ ﻋﻋﻴﻨﻪ ﻭﻓﹸ ٠٤
ﺍﻟﻤﻴـﺎﻩ ( ٣)ﺤـﺸﺎﺀ ﺒﻌﺩ ﻓﺘﺢ ﺍﻷ ( ٢)ﺤﺸﺎﺀ ﻗﺒل ﻓﺘﺢ ﺍﻷ ( ١)ﺔ ﺍﻟﺤﺭﺠﺔ ﻤﺠﺘﻤﻌﺔ ﺨﻤﺴﺍﻟﻨﻘﺎﻁ ﺍﻟﺘﺤﻜﻡ ﻤﻥ ﻭ        
  .   ﻗﻴﺎﺱ ﺍﻟﺤﻤل ﺍﻟﺒﻜﺘﻴﺭﻱ ﻋﻠﻲ ﻫﺫﻩ ﺍﻟﻨﻘﺎﻁﺘﻡﺍﻟﺠﺩﺭﺍﻥ ( ٥)ﺍﻟﻌﻤﺎل ( ٤)
ﻨﻤـﺎ  ﺒﻴ٦٣,٢× ٥٠١  mg01/UFC ﻥـﺘﺢ ﺍﻟﺒﻁ  ــﺒل ﻓـﻜﺎﻥ ﻤﺘﻭﺴﻁ ﺘﻌﺩﺍﺩ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻬﻭﺍﺌﻴﺔ ﻓﻲ ﻋﻴﻨﺎﺕ ﻤﺎﻗ
ﺘﻭﺴﻁ ﺘﻌﺩﺍﺩ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻓﻲ ﺍﻟﻤﻴﺎﻩ ﻤ ﺃﻤﺎ ٣,٥×٠١ 6  mg01/UFCﻭﺼل ﺘﻌﺩﺍﺩ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻓﻲ ﻋﻴﻨﺎﺕ ﺒﻌﺩ ﻓﺘﺢ ﺍﻟﺒﻁﻥ 
  ٣٠,١×٥٠١ ﻗﺒـل ﺍﻻﺴـﺘﻌﻤﺎل ﻭ ٥٩٩,٥×٥٠١  lm/UFC ﻤﻠـﺢ ﻁﻌـﺎﻡ ﻭﺼـل + ﺍﻟﻤﻀﺎﻑ ﻟﻬـﺎ ﺜﻠـﺞ 
ﻜﺘﻴـﺭﻱ ﻋﻜﺴﺕ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﻤﻥ ﺃﻴﺎﺩﻱ ﺍﻟﻌﻤﺎل ﻓﻲ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻨﻅﻴﻔﺔ ﺇﻨﺨﻔﺎﺽ ﻓﻲ ﺍﻟﺤﻤل ﺍﻟﺒ . lm/UFC 
 ﺒﻴﻨﻤﺎ ﻴﻭﺠﺩ ﺇﺭﺘﻔﺎﻉ ﻓﻲ ﺍﻟﺤﻤل ﺍﻟﺒﻜﺘﻴﺭﻱ ﻤﻥ ﺃﻴﺎﺩﻱ ﻋﻤـﺎل ﺍﻟﻤﻨـﺎﻁﻕ ﺍﻟﻘـﺫﺭﻩ ٦٣,١× ٥٠١  2mc01/UFC
 ٨٦,٣× ٥٠١  2mc01/UFC ﺃﻤﺎ ﺍﻟﺤﻤل ﺍﻟﺒﻜﺘﻴﺭﻱ ﻓﻲ ﺍﻟﻤﻌﺩﺍﺕ ﻭﺼل ٤٥,٨× ٥٠١  2mc01/UFCﻭﺼل
ﺼﻔﺕ ﻟﺕ ﺸﺒﻴﻪ ﺒﺘﻠﻙ ﺍﻟﺘﻲ ﻭﺯﻭﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻬﻭﺍﺌﻴﺔ ﺍﻟﺘﻲ ﻋ  ٦٧,٧× ٤٠١  2mc01/UFCﻭﻋﻠﻲ ﺍﻟﺠﺩﺭﺍﻥ ﻭﺼل 
  . ﻤﻔﺴﺩﻩﺤﺘﻭﺕ ﻋﻠﻲ ﺃﺠﻨﺎﺱ ﻭﺃﻨﻭﺍﻉ ﻤﻤﺭﻀﻪ ﻭﺃﺨﺭﻱ ﺍﻤﻥ ﻗﺒل ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ﻭﻏﻴﺭﻩ ﻭ
ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺘﻲ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﺍﻷﻫﻤﻴﺔ ﻟﺘﻁﺒﻴﻕ ﻨﻅﺎﻡ ﺘﺤﻠﻴل ﻨﻘﺎﻁ ﺍﻟﺘﺤﻜﻡ ﺍﻟﺤﺭﺠﺔ ﻟﻠﻭﺼـﻭل          
  .ﻭﺨﺎﻟﻲ ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻤﺭﻀﻪﺍﻟﻲ ﻤﻨﺘﺞ ﺫﻱ ﺤﻤل ﺒﻜﺘﻴﺭﻱ ﺃﻗل 
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                         INTRODUCTION 
         Poultry are the domesticated birds which provide human beings with their 
product. They include chickens, turkey, geese, swans, guinea, pigeons, pheasants, 
ostriches and rabbits. In Sudan, poultry production is mainly centered on 
chickens and pigeons (Baligha, 1998) 
    Osman (1988) reported that poultry keeping in Sudan is an ancient 
traditional practice that is found in all parts of the country, in rural and urban 
areas. In general people keep bird flocks for their nutritional and financial 
requirement.  
      A brief chronology of poultry industry development in Sudan indicated that in 
the year 1926, a British veterinarian introduced a parent stock of Wyandotte 
bread for distribution of fertile eggs to poultry keepers for new bread (black 
Australorop). In 1949 for local bread improvement is southern Sudan. Deasai 
(1962) showed that the first model of modern poultry farm was established in 
Khartoum North in 1951 as a research center for local breads development. After 
that the centre research unit was established at Kuku village (Khartoum North).                     
   In 1963 other governmental poultry units were established in Ombenain, El 
Nisheashiba, Ghazalh Gawazat, Kadogli and Atbra to serve as extension model 
for modern poultry keeping.  
      Baligha (1998) explain that modern commercial poultry industry in Sudan 
was started by the establishment of Sudanese-Kuwaiti Company (1979), the Arab 
Sudanese poultry company (1982-1985).The following account gives details of 
the progress and development of poultry production in Sudan from 1950 up to 
2005, desorbed over five periods often years each:-  
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Period I: (1950-1960)  
      During this period, small intensive poultry production activates were started 
around Khartoum. The sole activity was egg production.  
Period ii: (1961-1970)  
 During this period, a horizontal and vertical increase of poultry units took 
place in Khartoum, big cities and the Gezira Scheme; this period witnessed a 
considerable increase in the governmental farms in many provinces which served 
as model farm. In Khartoum there was a large expansion in poultry farms (from 
10-60) with farm size ranging from 200-1000 layers.  
Period iii: (1971-1980)  
 During this period, production specialization started and three modern 
hatcheries and tow feed factories were built in Khartoum.  
The Kuwait Sudanese Company was established in 1979 with the aim of 
integrated production in complete controlled environment houses for table eggs 
and broiler production. This marked the first organized modern commercial 
broiler production in the Sudan.  
Period IV: (1981-1990)  
 Two large Arab Sudanese companies were established in this period, both 
were fully integrated projects specialized in the production of table eggs, broiler 
chicks and the manufacturing of feed. This company was started with capacity 
design of 43.6 million table eggs, 6.23 million broilers. The Arab company for 
live stock development was established in 1982 with the aim of producing 15 
million broilers.  
Period v: (1991-2000)  
 During this period no tangible increase in modern poultry farming took place. 
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Period IV: (2000-2005)  
 During this period there is large expansion in number of farm it is increase to 
496 farms, and the number of broiler chicken is 8,179,690 chickens, 129, 848, 
1700 table eggs (Ministry of Agriculture and Animal Resource (Sudan-2005)). 
Poultry meat have consistently been a major source of food poisoning and 
foodborne diseases, especially Sallmonella, Clostridium perfringens, and 
possibly also enteropathogenic Escherichia coli.                         
  
OBJECTIVES 
1 – To determine the bacterial load and type of bacteria at pre and post 
eviserecated stage at processing line in Khartoum North slaughter-house. 
 2- To study the effect of environment and surrounding media on the poultry meat 
at Khartoum North Processing Plant. 
3- To study the pathogenic bacteria in Khartoum North Processing plant.                                   
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      INTRODUCTION 
          Poultry are the domesticated birds which provide human beings with 
their product. They include chickens, turkey, geese, swans, guinea, pigeons, 
pheasants, ostriches and rabbits. In Sudan, poultry production is mainly 
centered on chickens and pigeons. 
 Osman (1988) reported that poultry keeping in Sudan is an ancient 
traditional practice that is found in all parts of the country, in rural and urban 
areas. In general people keep bird flocks for their nutritional and financial 
requirement.  
        A brief chronology of poultry industry development in Sudan indicated 
that in the year 1926, a British veterinarian introduced a parent stock of 
Wyandotte breed for distribution of fertile eggs to poultry keepers for new 
breed (black Australorop). In 1949 another breed Black Australorp was 
imported for improvement of the local birds in southern Sudan. Deasai (1962) 
showed that the first model of modern poultry farm was established in 
Khartoum North in 1951 as a research center for local breed's development. 
After that the research centre unit was established at Kuku village (Khartoum 
North). In 1963 other governmental poultry units were established in 
Ombenain, El Nisheashiba, Ghazalh Gawazat, Kadogli and Atbra to serve as 
extension model for modern poultry keeping.  
        Baligha (1998) explained that modern commercial poultry industry in 
Sudan was started by the establishment of Sudanese-Kuwaiti Company 
(1979), the Arab Sudanese poultry company (1982-1985).  
          The following account gives details of the progress and development of 
poultry production in Sudan from 1950 up to 2005, distributed over five 
periods of ten years each:- 
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  Period i: (1950-1960)  
 During this period, small intensive poultry production activities started 
around Khartoum. The sole activity was egg production.  
 Period ii: (1961-1970)  
 During this period, a horizontal and vertical increase of poultry units 
took place in Khartoum, big cities around Sudan and the Gezira Scheme; this 
period witnessed a considerable increase in the governmental farms in many 
provinces which served as model farms. In Khartoum there was a large 
expansion in poultry farms (from 10-60) with farm size ranging from 200-
1000 layers.  
Period iii: (1971-1980)  
 During this period, production specialization started and three modern 
hatcheries and two feed factories were built in Khartoum.  
The Kuwait Sudanese Company was established in 1979 with the aim of 
integrated production in complete controlled environment houses for table 
eggs and broiler production. This marked the first organized modern 
commercial broiler production in the Sudan.  
Period iv: (1981-1990)  
 Two large Arab Sudanese companies were established in this period, 
both were fully integrated projects specialized in the production of table eggs, 
broiler chicks and the manufacturing of feed. One of these companies started 
with capacity design of 43.6 million table eggs, 6.23 million broilers. The 
Arab company for livestock development was established in 1982 with the 
aim of producing 15 million broilers.  
Period v: (1991-2000)  
 During this period no tangible increase in modern poultry farming took 
place. 
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Period vi: (2000-2005)  
 During this period there was large expansion in the number of farms. It 
is increased to 496 farms, and the number of broiler chicken to 8,179,690 
chickens, 129, 848, 1700 table eggs (Ministry of Agriculture and Animal 
Resource (Sudan-2005)). 
  
OBJECTIVES 
1 – To determine the bacterial load at post –evisceration, pre-evisceration, 
water, processing environment in Khartoum North slaughter-house. 
 2- To study the effect of environment and surrounding media on the poultry 
meat. 
3- To study the pathogenic bacteria at post-evisceration, pre-evisceration in 
Khartoum North slaughter- house.                                            
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CHAPTER ONE 
LITERATURE REVIEW 
          Anon (1992) reported that the food processing industry is currently 
implementing new management systems; one programming is Hazard 
Analysis Critical Control Point HACCP to eliminate the risks of food 
consumption and subsequently reduce the current increasing number of 
reported food poisoning outbreaks (Forsyth and Hayes, 1998). 
         Stephenj (2000), Norman (1999), and Nagah (2005) described Hazard 
Analysis Critical Control Point HACCP as a food safety management system, 
which concentrates prevention strategies on known hazards and their risks of 
occurring at specific points in the food chain.  
          HACCP is an approach to hygienic food production by the prevention of 
hazard. A production process is evaluated for hazards and their relative risks. 
Monitoring and verification procedures are then established to maintain the 
production of hygienically acceptable product by controlling the key steps in 
the production process where the hazards were identified (Forsyth and Hayes, 
1998). 
         With the use of the Hazard Analysis and Critical Control Point (HACCP) 
systems to address food safety in food processing, Good Manufacturing 
Practice GMPs has part of the very basic requirements that must be in place 
before an effective HACCP system can be implemented. Consequently, the 
traditional GMPs, along with some additional requirements, are now 
universally regarded as Prerequisite Programs for the implementation of a 
HACCP system .The emergence of the HACCP system for achieving food 
safety has reinforced the importance of GMPs to the extent that the 
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prerequisite programs are considered as the necessary foundation on which an 
effective HACCP system is built. The HACCP prerequisite programs together 
with the HACCP plan(s) should be as food establishment from the House of 
product (ASQ Food, Drug, and  Cosmetic Division, 2002). When GMP 
programs or HACCP prerequisite programs are developed and implemented at 
food plant, they should cover the basic controls required for raw materials, 
ingredient, packaging materials, and products and for the plants facilities, 
employees, equipment, operation, and environment that influence the safety of 
food. Many of the GMPs and prerequisite program activities which are 
directed toward ensuring the necessary conditions exist for the prevention of 
potential contamination and cross contamination of food (Nagah, 2004). 
         In food processing plants that do not have HACCP systems, the GMPs 
remain the essential practices for addressing food safety. In food processing 
plants which do not operate with HACCP system but have implemented the 
ISO 9001 Quality management system standard, as a minimum, the GMPs 
should be part of the applicable regulatory requirements of the standard 
(Nagah, 2004). 
          Julie and Scott (2003) reported that poultry meat and red meat products 
are sensitive to contamination by bacteria, viruses and parasites. After 
becoming contaminated, poultry meat and red meat provide a suitable 
environment for growth of bacteria. Contamination and growth are problems 
because they may result in food borne illness. To improve product safety, the 
poultry meat and red meat industries are adopting a process control point 
(HACCP).   
   The HACCP system improves product safety by anticipating and 
preventing health hazards before they occur.  
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1.1 Origins of HACCP  
         HACCP is a system of extensive evaluation and control over an entire 
food production process for the sole purpose of reducing potential food-related 
risks to consumers' .The HACCP program maintains safety and 
wholesomeness of poultry meat and red meat because potential hazards that 
may occur during processing are anticipated, evaluated, controlled and 
prevented. A hazard is defined as any biological, physical or chemical 
property that could cause a product to be unsafe for consumption. Processing 
plant is required to have a HACCP plan for each product (Julie and Scott, 
2003).   
        The HACCP concepts are not new in the food industry. HACCP was first 
developed in 1959 by the Pillsbury Company while it was trying to produce 
microbiology- safe foods for use in NASA space flights. However, HACCP 
was not introduced to the public until 1971. Initially, interest in HACCP was 
limited because it is a difficult system to implement.  
         A report in 1985 from the National Academy of Science and food 
protection Committee renewed interest in HACCP by suggesting that it was 
the most effective method for ensuring food safety. In 1996, the United States 
Department of Agriculture Food Safety and Inspection Service (USDA-FSIS) 
passed a new regulation known as the FSIS pathogen Reduction\ HACCP 
Regulation, which requires meat and poultry plants to use HACCP in their 
operation. With the new regulation, the responsibility of providing safe foods 
rests on industry and not the USDA (Julie and Scott, 2003).  
          The HACCP system, as it applies to food safety management, uses the 
approach of controlling critical points in food handling to prevent food safety 
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problems. The system, which is a science- based and systemic, identifies 
specific hazards and measures for their control to ensure the safety of food. 
HACCP is based on prevention and reduces the reliance on end-product 
inspection and testing (FAO, 1998). 
         The HACCP system can be applied throughout the food chain from the 
primary producer to the consumer.  
         The HACCP concept is divided into two parts: (1) hazard analysis (2) 
determination of critical control point (CCP).Hazard analysis requires a 
thorough knowledge of food microbiology and a knowledge of which micro-
organisms may be present and the factors that effect their growth and survival. 
Food safety and acceptability are most effected by; (1) Contaminated raw food 
or adjuncts. (2) Improper temperature control during processing and storage 
(time-temperature abuse). (3) Improper cooling through failure to cool to 
refrigerated temperature within 2to4 hours. (4) Improper handling after 
processing, cross contamination (between products). (5) In- effective or 
improper cleaning of equipment. (6) Failure to separate raw and cooked 
products. (7) Poor employee hygiene and sanitation practices (Norman, 1999).                   
        The HACCP evaluation process describes the product and its intended 
use and identifies any potentially hazardous food items subject to microbial 
contamination and proliferation during food processing or preparation 
(Norman, 1999). 
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1.2 HACCP Principles  
According to Codex Alimentarius, (2003). 
1.2.1 Principle 1: Conduct a Hazard Analysis.  
        The definition of a hazard given by CAC is any biological, chemical, or 
physical agent in, or condition of food with the potential to cause an adverse 
health effect.  
1.2.2 Principle 2: Determine the Critical Control Points (CCP)  
        CCP: A step at which control can be applied and is essential to prevent or 
eliminate a food safety hazard or reduce it to an acceptable level. 
The determination of a CCP in the HACCP system can be facilitated by 
application of a decision tree, which indicates a logic reasoning approach.  
1.2.3 Principle 3: Establish critical limits for each CCP      
       Critical Limit: A criterion which separates acceptability from 
unacceptability.  
Critical limit must be specified and validated for each Critical Control Point.  
1.2.4 Principle 4: Establish a system to monitor control of the CCP 
       Monitoring is the scheduled measurement or observation of a CCP 
relative to its critical limits. The monitoring procedures must be able to detect 
loss of control at the CCP.   
     Most monitoring procedures for CCPs will need to be done rapidly because 
they relate to on- line processes and there will not be time for lengthy 
analytical testing.  
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1.2.5 Principle 5: Establish the corrective actions 
        Corrective action: Any action to be taken when the results of monitoring 
at the CCP indicate a loss of control.  
      Specific corrective action must be developed for each CCP in the HACCP 
system in order to deal with deviation when they occur.  
The action must ensure that the CCP has been brought under control.  
1.2.6 Principle 6: Establish verification procedures    
        Verification: The application of method, procedures, tests and other 
evaluation, in addition to monitoring to determine compliance with the 
HACCP plan.  
        Establish procedures for verification. Verification and auditing methods, 
procedures and tests, including random sampling and analysis, can be used to 
determine if the HACCP system is working correctly.  
         The frequency verification should be sufficient to ensure that the 
HACCP system is working effectively.  
1.2.7 Principle 7: Documentation and record keeping.  
         Efficient and accurate record keeping is essential to the application of a 
HACCP system. HACCP procedures should be documented. Documentation 
and record keeping should be appropriate to the nature and size of the 
operation and sufficient to assist to verify that the HACCP controls are in 
place and being maintained.    
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1.3 Food Spoilage  
          Forsyth and Hayes (1998) mentioned that, spoilage of food involves any 
change which renders food unacceptable for human consumption. 
          Microbial contamination was the major cause of food spoilage. Meat 
provides a suitable environment for bacterial growth which results in 
degradation of food stuffs. 
        Food spoilage is normally classified as being either aerobic or anaerobic, 
depending on spoilage condition, and whether the microorganism causing the 
spoilage were bacteria, molds or yeasts (Norman, 1999).  
 
1.3.1 Important sources of spoilage of poultry meat  
1.3.1.1 Carcass surfaces and equipment 
         Adams and Moss (2000) illustrated the primary reasons why poultry 
spoilage was mainly restricted to meat surfaces. They stated that the inner 
portion of poultry tissues were generally sterile or contained relatively few 
organisms, which do not generally grow at low temperatures. Meat 
contaminated by contact with skin, feet, stomach, and intestinal contents, hand 
and clothing of personnel, water used for washing carcasses and equipments 
and even air in the processing and storage areas (Haines 1993, Empey and 
Scott 1939 and Wagner 2000).  
        The equipment used in processing plant plays an important role in 
contaminating the carcasses. In this regard, Arnold and Bailey (2000) sampled 
three common finishing treatment surfaces, (sand-blasted, sanded, and electro- 
polished) of stainless steel that are used for equipment during poultry 
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processing. They were tested for resistance to bacterial contamination .They 
found that stainless steel was the least rough surface and showed significantly 
fewer bacterial cells and beginning biofilm formation than the other treated 
surfaces. 
         Stephenj (2000) reported that poultry skin can carry arange of spoilage 
organisms such as Acinetobacter, Moraxella spp, Enterobacter spp.  
        Robert and Hudson (1987) mentioned that heavy contamination could be 
reduced if equipment were adequately cleaned and sanitized at short intervals.                      
1.3.1.2 Processing of Poultry       
        The processing plant is considered an important source of contamination 
to poultry meat as mentioned by Adams and Moss (2000).  
        Forythy and Hayes (1998) indicated in their book that large numbers of 
microorganism were brought into the processing plant on the feather and feet 
and faces of the live birds. 
       Harrigan (1998) clarified that psychrotrophs microorganism that cause 
spoilage of poultry are Acinetobacter, Moraxella, Aeromonas and certain 
members of the Enterobacteriaceae  which are found on the exterior of the live 
bird, driven from the external environment and not from the intestinal content.  
        Forsyth and Hayes (1998) stated that in the processing plant, a number of 
processes lead to the spread of microorganisms, with cross-contamination 
occurring from one bird to many others. The various stages in processing are 
out-lined in Figure 1.  
       Scalding to loosen the feather is performed by immersing birds for 30s in 
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hot water (55oC).There is a reduction in number of organisms on the carcass 
due to the washing effect and to the destruction of heat –sensitive bacteria.  
         The mechanical feather pluckers increase the bacterial load on the skin 
of the birds and also cause cross contamination particularly with 
Staphylococcus. 
        Evisceration also increases the bacterial load on the skin by spreading 
faecal types on the surface. Before chilling, spray washing can be used in 
attempt to reduce surface contamination in aerobic mesophyilic colony count 
only from 105 to 104 per cm2. (Forsythe and Hayes, 1998).  
       Chilling may be carried out by circulation of cold air (a procedure used in 
Europe) as Harrigan (1998) reviewed, or by immersion in cold water by one of 
two methods. First the chill water may flow in the same direction as the 
carcasses (through-flow) or in the opposite direction to the carcasses (counter-
flow). Counter-flow is a better process, because carcasses leaving the tank are 
washed in the cleanest water.  
         Barnes and Thornely (1966) pointed out that microbial flora at this stage 
will be Micrococcus, Flavobacteria, Enterobacter, and Streptococcus spp.          
Acinetobacter was found in poultry meat in small numbers as Stephenj (2000) 
reported. The controls of microorganisms during processing of poultry have 
played an important role in determining the quality of finished product. This 
control has ensured that the product did not present any consumers health 
hazard and that the carcasses have had an acceptable shelf life in the un frozen 
state.   
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1.3.1.3 Water   
        Northcutt et al (2004) concluded from their research that in the late 
1999,s, water used in broiler and turkey processing facilities dramatically 
increased as processors attempted to comply with a new food safety regulation 
known as HACCP. At that time, water was considered to be an unlimited 
natural resource and a quick fix to eliminating carcass faecal contamination. 
They used more water than they did in pre-HACCP days.  
        Banwart (1981) reported that water is considered a potential source of 
microbial contamination, while Mead (2004) found it as source of Moraxella 
and Pseudomonas contamination.  
        In poultry processing plants, water is generally used in the scald tanks, 
for washing carcasses after plucking and evisceration. Carcasses were then 
cool by immersion in water containing ice. Water was also used for cleaning 
up of buildings and equipments.  
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Figure 1: Process flow diagram of whole chicken carcass in slaughter house  
USDA (1999). 
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1.3.1.4 Food handlers  
Bryan (1978) and Jay (2000) considered food handlers to be an 
important source of contamination. The micro flora on their hands and outer 
garments generally reflect the environment and the habits of the individuals. 
This flora consist of genera found on any object handled by the individuals in 
addition to those from water, dust and soil. There are several genera of 
bacteria specially associated with the hands and nasal cavities and mouth, the 
important of which are Micrococcus and Staphylococcus. 
Norman (1999), in his book of principles of food sanitation stated that 
food handlers can transmit pathogenic bacteria to the poultry meat causing 
illness to consumer. In fact, humans are the major source of food 
contamination. Their hands, breath, hair, and perspiration contaminate food; as 
can their unguarded coughs and sneezes. Food handlers are a carrier for 
Staphylococcus in their skin and hair and Streptococci in their throat and 
intestine, Salmonella and E.coli in their hand and fingernails.  
Hamed et al (1987) in an experimental investigation on Salmonella 
contamination during processing found that birds infected with salmonella do 
contaminate the hands of workers.                                                                                            
Gregory (1961) explained that pathogenic organisms might spread in 
the air by food handlers during sneezing or coughing and deposit   on meat 
surfaces.  
1.3.1.5 Wall  
Greats (1984) pointed out some of aspects of hygiene at the meat-
processing line. It was shown that cleaning and disinfection of wall, proper 
slaughter techniques, and hygienic practices has contributed to the production 
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of fresh meat with consistently low numbers of microorganisms. 
1.4 Food safety   
Stephenj (2000) indicated in his book that although industry and 
national regulators strive for production and processing systems which ensure 
that all food is safe and wholesome complete freedom from risks is an 
unattainable goal. Safety and wholesomeness are related to a level of risk that 
society regards as reasonably in the context, and in comparison with other 
risks in every day life.  
Consideration of safety need to be applied to the complete food chain, 
from food production on farm, through to the consumer. To achieve this 
integration of food safety, tools are required:   
1.4.1 HACCP  
1.4.2 Good Hygienic Practice (GHPs)    
 Stephenj (2000) described GHP as the basic hygienic measures which 
establishments should meet and which are the prerequisite to other 
approaches, in particular HACCP.                                          
 
1.4.3Good Manufacturing Practice (GMPs)  
Cover the fundamental principles, procedures and means needed to 
design an environment suitable for the production of food of acceptable 
quality (Stephenj, 2000). 
1.4.4 Microbiological Risk Assessment (MRA)  
   A developing concept, which is complementary to the application of 
HACCP principles. According to Codex Alimentarius Commission (CAC, 
1999), it includes hazard identification, exposure assessment, hazard 
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characterization and risk characterization.    
    Kelly et al (2003) discussed the concept in relation to poultry. It is 
important not only in quantifying the risk of human illness from a pathogen or 
microbial toxin associated with poultry, but in determining the extent to which 
the risk can be reduced by specific intervention measures. Thus, the effect of 
controlling the hazard at a particular Critical Control Point can be quantified 
with this approach. 
1.4.5 Quality Management (ISO series)    
  In 1987 the International Organization for Standardization (ISO) in 
Geneva, Switzerland published the ISO 9000 standards. They are equivalent to 
the European standards EN 29000 series and the British Standards 
BS5750:1987.The ISO 9000 series is composed of five standards:   
   - ISO9000 Quality management and quality assurance standards-
guidelines for selection and use.  
    - ISO9001 Quality systems –model for quality assurance in 
design/development, production, installation and servicing. 
   - ISO9002 Quality systems – model for quality assurance in 
production and installation.  
   - ISO 9003 Quality system- model for quality assurance in final 
inspection and test. 
    - ISO 9004 Quality management and quality systems elements- 
guidelines.      
These standards can be used as a starting point for designing TQM 
programmers (Webb and Marsden, 1995). 
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1.4.6 Total Quality Management (TQM)  
TQM as defined by ISO is a management approach for an organization, 
centered on quality, based on the participation of all its members and aiming at 
long-term success through customer satisfaction, and benefits to all member of 
the organization and to society.  
 
1.5 Bacterial Count 
Viable counts have always been used to indicate the level of bacterial 
contamination, to predict shelf life of foods and to evaluate the microbial 
quality of foods.     
Mead et al (1993), Geornaras et al. (1998) found increased numbers of 
bacteria following scalding and defeathering. When birds are immersed in 
scalding tank, dirt, fecal material, and other surface contaminations are 
removed. Therefore, the washing effect of scalding water may reduce bacterial 
numbers on the surface of chicken carcasses if the water of scalding tank is 
continuously replaced with fresh water. 
Fries and Graw (1999) pointed out that the aerobic plate count in water 
from spray nozzles was about log 10 2 to 10 3 in 2 poultry abattoirs and the 
microbial load in air consisted mainly of Micrococcaceae.    
Lillard (1990), Mead et al. (1993), and Abu-Rwaida et al. (1994) 
founded increased numbers of bacteria following scalding and defeathering. 
Defeathering has also been identified as a major site of cross- contamination 
(Notermans et al 1980 and Clouser et al 1995). No significant reduction in 
bacterial counts fllowing evisceration was detected (Goksoy et al, 2004).  
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Lindsay, et al. (1996) pointed out that aerobic and Gram-negative 
bacteria were enumerated on non metallic surfaces and stainless steel by 
swabbing and mechanical dislodging procedure. The highest bacterial counts 
were obtained from non metallic surfaces such as rubber fingered plucker and 
plastic defeathering curtains which exceeded the highest counts found on the 
metal surfaces by at least 1 log CFU cm-2. Gram-negative bacterial counts on 
all non- metallic surfaces types were at least 2 log CFU cm-2.On metal 
surfaces, the highest microbial numbers were obtained after 14 days exposure, 
with aerobic plate counts ranging from 3.57 log CFU/ cm-2 to 5.13 log 
CFU/cm-2.  
From their microbiological survey, Amelia et al (1995) found that 
statistically significant (p>0.05) increases in counts of all types of bacteria on 
product as a result of processing.  
Bacterial number on equipment surfaces, however, decreased 
significantly from the dirty to the clean areas. Rubber fingers defeathering 
curtains, shackles and conveyor showed aerobic plate counts, in excess of 5.0 
log CFU/ 25cm2. Aerobic plate of scald tank and spin chiller water were 2 log 
CFU/ ml-1 higher than those of potable water samples. Salmonella and 
Staphylococcus were isolated from 51.7 and 24.1% of all product samples. 
Staphylococci were also isolated from selected equipment surfaces. 
Berrang, et al (2000) tested the effects of a second scald after 
defeathering on the microbial levels of Campylobacter, Coliform bacteria and 
Escherichia coli on broiler carcasses. Four treatments were evaluated : 1) 
immersion at 600 C for 28s 30 min after defeathering, 2) immersion at 600C 
for 28s immediately after defeathering, 3) sprayat730 C for 20s 3 min after 
defeathering, and 4) spray at 710C for 20s immediately after defeathering. 
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Neither treatment had any effect on Escherichia coli nor coliform bacteria 
count nor Campylobacter even though total counts were slightly reduced by 
the treatment.  
Angeloti (1964) pointed that the purposes for which total counts could 
be used in bacteriological assessments of foods were for the evaluation of the 
general sanitary prevailing during handling, the predication of shelf life and 
evaluation of safety.  
Klinger et al (1981) surveyed seven industrial poultry slaughter plants, 
during the course of a 12 months period. Four hundred forty four frozen 
broiler chickens from 89 samplings were examined for microbiological 
contamination. They found that Coliform and Enterococcus group organisms 
each averaged about 1% of the total bacterial count. Staphylococci were 
isolated from 25 % of the carcasses.  
   Mead, et al (1993) studied the main stages of processing to monitor 
changes in total viable count (TVC) and count of Coliform. There increases in 
mean TVC and Coliform as a result of defeathering or evisceration did not 
exceed o.6 log, although Staphylococcus aureus was readily isolated from 
defeathering equipment, mean counts from defeatherd carcasses were always 
below log 10 3.0 CFU/g.  
   Harrigan (1998) mentioned that before chilling spray washing can be 
used in attempt to reduce surface contamination but in fact this may result in a 
reduction in the aerobic mesophilic colony count only from 105 to 104 per cm-2 
of skin surface. 
Goksoy, et al (2004) investigated the effect of processing procedures on 
microbial quality and safety of broiler carcasses in 2 processing plants. Neck 
skin samples were taken from broilers at the main stages of processing and 
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change in total viable count (TVC) and the count of Coliform, 
Enterobacteriacea, and Staphylococci, Micrococcus were monitored. They 
found that the processing reduced TVC more than 2 log cycles for 2 
processing plants. Cross-contamination with Salmonella spp during processing 
was observed and incidences of Salmonella spp on the carcasses increased 
during processing. Although high proportions of microorganisms were 
removed from carcasses during processing, dissemination of Salmonella spp 
was found to be unavoidable.  
  Abdalla (1993) studied the type of aerobic bacteria in poultry carcasses, 
liver, and gizzard in Khartoum market and determined the number of aerobic 
bacteria on carcasses by 2.38x 107CFU/cm2.  
According to Sudanese Microbiological Standers for Food (2001) the 
total viable count for fresh poultry meat should range between 105and 107.  
1.6   Isolation of different microorganisms from poultry meat  
The identification and control of aerobic bacteria were reported by 
Lillard (1990) to increase safety and quality of broiler carcasses. He also 
claimed that bacterial contamination was reduced significantly by commercial 
procedures implementing hygienic measures.  
 Geornaras, et al (1998) pointed out that Micrococcus spp were isolated 
in the highest proportion from pre and post scalded carcass samples. 63.5 to 
86.1 % of isolates were Enterobacteriaceae and 40.3%, Acinetobacter 19.45%. 
Isolates from the rubber fingers were, however, predominantly Micrococcus 
spp 94.4%. Bacterial groups isolated in the highest proportion from scald tank 
water samples were Micrococcus spp 38.3%, species of Enterobacteriaceae 
29%, lactic acid bacteria, Corynebacterium spp and Micrococcus spp were 
dominant on air.  
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Harrigan (1998) showed that the Psychrotrophic microorganisms that 
cause spoilage of poultry are Pseudomonas, Acinetobacter and Moraxella.  
        The most important genera of bacteria known to occur in foods, given by 
Jay (2000), included Acinetobacter, Bacillus, Corynebacterium, Micrococcus, 
Salmonella, Staphylococcus, Streptococcus, Citrobacter, and Moraxella spp.  
           Lahellic et.al (1975) isolated Corynebacterium from chicken carcasses; 
it constituted 12.7% with Yeast.  
Yagoub (1986) isolate Salmonella from domestic fowl in the Sudan.  
Ezdihar (1996) reported that the strains recovered from 610 poultry 
samples collected from ElObeid were found to belong to the genera: 
Citrobacter (17.2%), Salmonella (7.4%), Yersina (5%), Enterobacter (6.6%), 
Acinetobacter (08%). 
Fries and Lenz (1983) carried out qualitative and quantitative 
bacteriological investigation on nine stages of slaughter and processing in a 
poultry abattoir in northern Germany. The most important groups of bacteria 
isolated were: Micrococcus, Enterobacteria, Bacillus, Streptococci and 
Listeria.  
Abdalla (1993) investigated the aerobic bacteria of carcasses and main 
edible viscera of poultry slaughtered in the State of Khartoum. He isolated 
following bacteria: Corynebacterium, Bacillus, Staphylococcus, 
Streptococcus, Micrococcus, Aerococcus, Escherichia, Erwinia, Salmonella, 
Enterobacter, Morognella, and Citrobacter.  
Soliman and khan (1959) isolated Salmonella  for first time in Sudan 
from poultry.  
         Tamimi (1988) studied the type of aerobic bacteria in fresh samples of 
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caecal contents and pointed out that the genera included Bacillus spp, 
Staphylococcus, Corynebacterium, Escherichia coli, Citrobacter, Salmonella, 
Pseudomonas diminuta, Shigella spp, and Klebsiella aerogenes.  
        Nagla (1998) investigated aerobic bacteria in poultry at different areas at 
processing plants. She found in post-defeathering these types of bacteria: 
Citrobacter 1 Salmonella 2, Micrococcus 8, Streptococcus 7, Staphylococcus 
12, Bacillus 3, Corynbacterium 3, and at post-evisceration: Citrobacter 2, 
Micrococcus 10, Salmonella 1, Staphylococcus 11, Streptococcus 4, Bacillus 
4, Corynbacterium1. 
1.7 Bacteria associated with poultry meat     
       According to, Adams and Moss (2000), Forsy and Hayes (1998), 
Harrigan (1998), Barrow and Feltham (1993), Adrian (1992), El- Fadil (1990), 
Monica (1984) and ICMSF (1996) the bacterial genera described as follows.   
1.7.1 Gram-Positive bacteria 
1.7.1.1 Gram- positive cocci    
1.7.1.1.1 Staphylococcus: A genus of family Micrococcaceae, Gram-positive 
cocci that have irregular grape, like clusters, facultative ,anaerobic, 
temperature range for growth is 10 -400 C with an optimum of 35- 370 C. 
Catalase positive, oxidase-negative, aerobic and facultative anaerobes, ferment 
glucose and non motile. It was reported to be commonly found in the nasal 
cavity and skin of man and certain other animals. The presence of Staph 
aureus in poultry as a frequent component of the skin micro flora. 
          Staphylococci in poultry meat may originate from handlers. Equipment 
and environmental surfaces are also sources of contamination with Staph 
aureus (Wagner, 2000).     
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           Abdalla (1993) Isolated Staphylococcus from gizzard, liver, and 
external surfaces of carcass.   
            Nagla (1998) reported 12 isolates of Staphylococcus from pre-
eviscerated poultry carcasses while 11 isolates from Post-eviscerated.       
           Salih (1971) examined the tap water of Omdurman Central Slaughter 
House and found that the Gram-positive bacteria were Staphylococcus, 
Micrococcus, and Streptococcus.  
1.7.1.1.2 Micrococcus: this genus belongs to the family Micrococcaceae. It is 
Gram -positive cocci in small or large clusters, non motile, aerobic, catalse 
positive, oxidase positive, attack sugars oxidatively or not, distributed in 
nature on the skin of man, the hides of   animal as well as dust, soil and water.  
        Thomas and Mc Meekin (1980) reported that Micrococcus spp was found 
in poultry as skin micro flora and during scalding and plucking, the skin 
epidermal, exposed dermal tissue, was contaminated by microorganisms from 
mechanical subsequent stages of processing. Major sources of contamination 
by microorganism were be by washing and chilling water.    
 1.7.1.1.3 Streptococcus: The genus belongs to the family Sterptococcaceae, 
Gram- positive cocci, pairs or chains non motile, aerobic, facultative 
anaerobic, catalase and oxidase negative. Attack carbohydrates fermentatively 
with production of acid but never gas. Smaller in size than Staphylococcus. 
Streptococcus, was found in water, dust. Contamination of the food is often 
due to poor hygiene or by food handlers. 
           Abdalla (1993) isolated Streptococcus from liver of poultry. The 
Recovery of this organism may be due to infection from live birds (Gillies and 
dodds, 1984). 
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1.7.1.1.4 Enterococcus: Gram-positive, cocci in pairs or short chains. None 
sporing, aerobic, facultative anaerobe. Catalase and oxidase negative. Attack 
carbohydrates fermentatively. Enterococcus was present in very large number in 
poultry meat due to direct or indirect fecal contamination, especially when meat 
was held between 10- 450c (Monica 1984). 
          Kenner and Kabler (1960) and Salih (1971) reported that water used for 
washing may be a potential source of contamination of meat with Enterococci.      
1.7.1.2 Gram- positive bacilli:  
1.7.1.2.1 Bacillus: The genus belongs to the family Bacillaceae, they are rods, 
motile; Produce heat resistant spores under aerobic condition. Aerobic and 
some species facultatively anaerobic, endospore producer and on culture 
media long chains were produced. Oxidase- variable, catalase- positive. 
       Bacillus is wildly distributed in nature. Spores are formed in soil, dust, 
water, and various foods.  
          Wadi (2000) found that Bacillus spp were the most common isolates 
detected in poultry meat.   
          Nada (2005) isolated Bacillus from ground poultry by-product.  
1.7.1.2.2 Corynbacterium:  A genus which was reported to belong to the 
coryneform group. Gram-positive rods, long, thin, and curved forms, also 
short rods and rods enlarged at one end. They often appear in clusters joined at 
angles like Chinese letters. Non-motile, non-capsulate and do not form spores. 
Aerobic and facultative anaerobe, catalase-positive, oxidase-negative, attack 
sugars fermentatively or not at all. Members of the genus are found in soil, 
plant, and animals and had been isolated from spoiling foods.   
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1.7.2 Gram-negative bacteria   
1.7.2.1 Gram -negative bacilli    
1.7.2.1.1 Salmonella: A genus belongs to family Enterobacteriaceae, motile, 
aerobic and facultative anaerobic, catalase –positive, oxidase-negative, attack 
glucose fermantitaively with the production of acid and gas but unable to 
metabolize lactose and sucrose.  
          Most of Salmonella are found in intestines of animals especially of 
poultry. While high protein foods such as meat and meat products are most 
frequently associated with Salmonella food poisoning (Hubbert et al.1975, 
Frazier and Westhoff 1978, Wagner 2000).  
           In view of the high rates of Salmonella contamination on poultry, 
Reilly (1988) found in Scotland that poultry was responsible for 224 outbreaks 
affecting 2245 people between 1980 and 1985; this represented 52% of the 
total number of Salmonellosis cases where  the food could be identified.  
 Hisham (2007) isolated Salmonella from food handlers; he found that 
high prevalence of infection was recorded among Sudanese male restaurant 
than female, 13% for male compared with 1 case for women. 
Hiba (2007) isolated Salmonella from poultry and found that 2.9% of 
samples were positive.   
Olsen et al (2000) and Coyle et al. (1988) reported that broilers meat and raw 
poultry products are considered to be a reservoir of infection to humans where 
Salmonella food- poising in human is often associated with the consumption 
of poultry products.       
          Jay (2000) reported that up to 70% of broiler carcasses have been found 
to be contaminated with Salmonella. The organisms do not appear to be a 
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normal flora of poultry but are acquired from the environment via rodents, 
feed, other animals, and humans.  
            According to Sudanese Microbiological Standards for Food, 
Salmonella should not be detected in more than one fifth of the sample unit 
examined. 
1.7.2.1.2 Moraxella: The genus belongs to Acinetobacter group, Gram-
negative coccobacilli or short rods, non motile, strictly aerobic. A protein 
enriched medium such as Dorset egg medium is required for the isolation of 
Moraxella, catalase- positive, oxidase- positive, do not oxidize many 
carbohydrates. Moraxella organisms can be found as commensals in the 
urogenital tract.  
          Monica (1984) and Lwoff (1939) isolated the organism from the 
conjunctiva. Lwoff (1958) isolated Moraxella from soil.               
 Harrigan (1998) reported that when carcasses are kept below 100 C in 
conditions of high humidity, so that the surfaces remain moist, psychrotrophic 
bacteria such as Moraxella, Acinetobacter will be selected and will eventually 
predominate on the surface, causing surface slimes.  
             In the Sudan, Moraxella was reported to be one of the major causes of 
infectious Bovine Kerato Conjunctivitis in calves. The causes agent M. bovis 
(El-Sanousi et al, 1971). However, in one single unique outbreak in cavalry 
horses in Bahri town, Moraxella osloensis was isolated. Such organism has 
never been isolated before from man (Awad and ElSanousi, 2001). 
1.7.2.1.3 Enterobacter: This genus belongs to the family Enterobacteriaceae¸ 
they are Gram-negative rods, motile, aerobic and facultative anaerobe. 
Catalase-positive, oxidase- negative. Attack sugars fermentatively with 
production of gas. They can be found in the intestinal tract of humans, and 
 44
 
animals, soil, and water.  
         Abdalla (1993) isolated Enterobacter from liver, gizzards, external and 
internal surfaces of poultry carcasses.  
1.7.2.1.4 Aeromons: Gram-negative rods, motile and non-motile. Aerobic and 
facultative anaerobic. Catalase-positive, oxidase- positive. Sugars are attacked 
fermentative and gas may be produced. The organism can be found in water 
and soil Kaper et al. (1981). A low incidence of Aeromonas in the slaughter 
house samples was demonstrated by Stern et al. (1987) and Majeed et al. 
(1989).In Sudan Sanousi et al. (1986) isolated A.hydrophila from meat 
product.   
 
1.7.2.1.5 Bordetella: Gram-negative rods may be motile or non-motile. 
Aerobic. Catalase-positive, oxidase may be positive or negative, do not attack 
sugars.  
1.7.2.1.6 Kingella kingae: Gram-negative short rods, Aerobic and 
facultatively anaerobic, non motile, catalase-negative, oxidase-positive. 
Attacks sugars fermentatively.  
1.7.2.1.7 Streptobacillus: Gram-negative rods, non motile, aerobic and 
facultatively anaerobic, Catalase-negative, oxidase-negative. Attacks sugars 
fermentatively.  
1.7.2.2Gram - negative cocci 
1.7.2.2.1 Branhamella: This genus belongs to Neisseria. Gram-negative 
cocci, aerobic, catalase-positive, oxidase-positive, do not produce acid from 
carbohydrates.  
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                                        CHAPTER TWO  
MATERIALS AND Methods  
 2.1 Field Investigations 
           In this study 30 fresh poultry muscles from thigh and thorax, 10 
poultry carcasses for Salmonella, 20 swabs from processing environment 
and 20 samples of water were investigated, following the HACCP system. 
The samples were distributed at five Critical Control Points (CCPs) 
determined on the broilers processing line as shown in Table (1).  
The study was conducted in two stages:- 
 Stage A: - Pre Evisceration (post-defeathering).  
 Stage B: - Post Evisceration.  
             In each stage 15 samples were taken from thigh and thorax. Ten 
samples for Salmonella test were taken from different parts of chicken 
(thigh, thorax, chest, and back-etc). Five samples before final wash and 
the other five after final wash (ISO 6579-1981). Ten samples of water 
were taken from a water tank after the addition of NaCl and ice. Other ten 
samples of water were taken after immersing chickens in it for 45 
min.(ISO 8199:1981 E). Twenty swabs were collected to make 
quantitative result; the area to be examined was to define by the use of a 
sterile template ten cm2 area of the equipment. Wall and workers hands 
were outlined and swabbed, according to (Harrigan, 1998). The first CCP 
was the post-defeathering of birds. The second was the post-evisceration. 
Chilled water was the third point. Final wash was the fourth ones. 
Processing environment (Equipments, worker, wall, and water tank) was 
the fifth CCP. 
 46
 
5 swabs were taken from workers in clean zone.   
5 swabs were taken from workers in dirty zone. 
5 swabs were taken from different equipments. 
5 swabs were taken from different parts of wall.  
2.2   Collection of samples 
          Forty samples were collected from muscles of broiler chickens from 
poultry slaughter houses in Khartoum North Province. 
Age: - 43 days.   
 Sex: - Lohmman, Hisex.   
2.3 Transportation of samples 
 Samples were labelled and placed in an ice box, and taken immediately 
after slaughtering to the Department of Microbiology at the Faculty of 
Veterinary Medicine University of Khartoum. Carcasses contaminated by 
Salmonella and water samples were taken to Sudanese Standards and 
Metrology Organization (SSMO) Microbiology laboratory with sufficient 
speed to avoid unnecessary delay or contamination prior the microbiology 
examination. All specimens were cultured within two hours after collection. 
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Table (1):  Distribution of 80 samples collected from broilers carcasses on the 
processing line.  
 
 Critical Control Points  (CCPs)                      Number of samples 
1- post-defeathering(CCP1) 20 
2- post-evisceration(CCP2) 20 
3- chill water tank before immersion(CCP3) 10 
4- chill water tank after immersion (CCP4) 10 
5-processing environment (CCP5) 20 
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2.4 Preparation of samples  
           In the laboratory 10gms of deep muscles were taken with sterile scalpel 
and forceps, then minced in sterile  mortars and pestles; then 90 mls of normal 
saline were added to make an initial 1:10diluation (Harrigan and  McCance, 
1976). 25gm of different parts of all chicken from skin to deep muscles were 
taken with sterile scalpel and forceps under laminar flow cabinet then put into 
sterile stomacher bags and minced with stomacher then added to 225 ml of 
buffer peptone water to make an initial dilution 1:10,  and 1 ml of water were 
taken with sterile pipette after well mixing and put into 9 ml of phosphate 
buffer solution to make an initial dilution 1:10 (ISO 8199 :1981 E ),and 1 ml 
of swab quarter-strength Ringer’s solution were taken and put into 9 ml 
Ringer’s  solution  to make an initial 1:10 dilution(Harrigan, 1998). 
 2.5 Cultural Media 
           All media were dispensed under aseptic conditions in an aseptic 
preparation room provided with ultra-violet lamp, flame, phenol disinfectant 
and 70% alcohol for disinfecting and benches. All media were prepared 
according to methods described by Oxoid. (1973), Difco (1972), ISO (1981) 
and Barrow and Feltham (1993) and their ingredients were given below. 
 
2.5.1 Solid Media  
2.5.1.1 Nutrient Agar (Oxoid CM3) 
Ingredients                                          Quantity            
Yeast extract                                           2gms                                                                
          Peptone                                                  5gms  
         Sodium chloride                                     5gms             
                                Agar                 15gms 
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          Twenty-eight grams of powder were added to 1 liter of distilled water 
dissolved, and the pH was adjusted to 7.4 .The medium was sterilized by 
autoclaving at 121oC for 15 mins.before being poured onto sterile Petri-dishes 
in 20 mls volumes.    
2.5.1.2 Blood Agar (Oxoid CM55)    
Ingredients                                          Quantity                                             
Lab-lemco powder                               10gms       
Sodium chloride                                   5gms      
Peptone                                               10gms 
Agar                                                    15gms   
            The medium was composed of all the ingredients above in one liter 
distilled water. Forty grams of blood agar was suspended in one liter of 
distilled water, boiled to dissolve completely .The pH was adjusted to 7.3 and 
then sterilized at 121oC for 15 minutes .The base was cooled and the 
temperature was adjusted and kept at 45-50oC in a water bath.  Then 7% of 
defibrinated sheep blood was added, mixed with gentle rotation and poured 
onto sterile Petri-dishes in 20 ml volumes. With added blood the medium was 
not only enriched but also became suitable for the determination of the 
hemolytic reaction. 
2.5.1.3 Mac Conkey,s Agar (Oxoid CM71) 
Ingredients                                     Quantity    
Peptone                                              20gms 
Lactose                                              10gms 
Bile salt no3                                       1.5 gms 
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Neutral red                                         0.03 gm 
Agar                                                   5gms 
            Fifty-one and half grams of medium were suspended in a liter of 
distilled water, dissolved and the pH was adjusted to 7.4. The medium was 
sterilized by autoclaving at 121oC for 15 mins, and then poured aseptically 
onto sterile Petri-dishes in 15-20 mls volumes. 
2.5.1.4 Plate Count Agar (Oxoid CM 325) 
Ingredients                                      Quantity  
Casein enzymic hydrolysate                 5gms    
 
Tryptone                                               5 gms  
 
Yeast extracts                                       2.5 gms 
 
Dextrose                                               1 gm 
 
Agar                                                     9 gms 
  
        Twenty-three and half grams of powder were suspended in a liter of 
distilled water, dissolved and the pH was adjusted to 7.4 .The medium was 
sterilized by autoclaving at 121oC for 15 mins and poured onto sterile Petri-
dishes.    
2.5.1.5 Simmon,s Citrate Agar (Difco B 91)    
Ingredients                                         Quantity 
MgSO4                                                   0.2 gm 
(NH4)H2PO4                                          0.2 gm 
Na NH4PO4                                           0.8 gm 
Na Cl                                                     5 gms 
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Sodium citrate                                       2 gms 
Bromothymol blue                                0.08 gm 
Agar                                                     15 gms   
        Twenty-three grams were suspended in one liter of distilled water , boiled 
to dissolve completely and the pH  was adjusted to 7.0. The medium was 
sterilized by autoclaving at 1210 C for 15 mins .and distributed into bijou 
bottles in 5 mls amount each and left to solidify in a slope position.  
 
2.5.1.6 Urea agar (Oxoid CM53)    
Ingredients                                         Quantity 
Peptone (Oxoid L 37)                            1gm  
Dextrose                                               1gm    
Sodium chloride                                   5 gms 
Disodium phosphate                             1.2 gms 
Potassium dihydrogen phosphate          0.8 gm 
Phenol red                                            0.012 gm 
Agar (Oxoid L13)                                 15 gms 
          Two and two fifths of medium were suspended in 95 ml of distilled 
water, boiled to dissolve the powder completely. The medium was then 
sterilized by autoclaving at 121oC for 15 mins. Cooled to 500C. Aseptically we 
add 5ml of sterile 40% urea solution, mixed and then distributed in 10 ml 
volumes into sterile bijou bottles and allowed to solidify in a slope position. 
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2.5.1.7 Dorset eggs (Barrow and Feltham 1993) 
Ingredients                                             Quantity 
Egg yolk white                                            800mls 
NaCl, 0.9% sterile aq.soln                           200mls 
           Eggs were washed in 70% ethanol and laid on a sterile surface. The 
shells were broken with a sterile knife, the contents collected into sterile flask. 
The normal saline was added aseptically. Shaken thoroughly to emulsify the 
yolks and produce a homogeneous mixture. Distributed in 2 mls volumes into 
sterile 5 ml screw-capped (bijoux) bottles or 5 ml volumes into sterile 30ml 
screw-capped (1oz Universal or McCartney bottles). The containers were 
sloped in an inspissator heated slowly to 750 C and maintained at temperature 
for 1 hrs. The process was repeated for two days.   
2.5.1.8 Xylose Lysine Deoxycholate agar X L D (Oxoid CM469) 
 Ingredients                                     Quantity           
 Yeast extracts                                          3 gms 
 L-lysine HCL                                          5 gms  
 Xylose                                                     3.75gms   
 Lactose                                                   7.5 gms 
 Sucrose            7.5gms 
           Sodium thiosulphate                           6.8gms                               
 Ferric ammonium citrate                        0.8gm       
 Phenol red                                            0.08gm 
 Agar                                                      12.5gms     
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            Fifty-three grams were suspended in 1 liter of distilled water. Heated to 
boiling frequent agitation. After that it was transferred immediately to a water 
bath at 500 C. Poured into plates as soon as the medium has cooled. It is 
important to avoid preparing large volumes which will cause prolonged 
heating.  
 
2.5.1.9 Brilliant Green Agar (Oxoid CM263) 
Ingredients                                                Quantity 
Proteose peptone                                               10gms 
 Yeast extracts                                                   3.0gms       
Lactose                                                             10gms 
Sucrose                                                             10 gms       
Sodium chloride                                                5.0gms 
Phenol red                                                         0.08gm 
Brilliant green                                                   0.0125gm 
Agar                                                                  12.0gms   
        Fifty grams were suspended in 1 liter of distilled water, dissolved 
completely. This was sterilized by autoclaving at 1210 C for 15 min.Then 
cooled to less than 500 C before pouring into sterile Petri dishes. 
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2.5.2 Semi solid media  
2.5.2.1 Hugh and Leifson,s (O/F) medium (Barrow and Feltham, 1993) 
Ingredients                                             Quantity 
Peptone                         2gms                                   
NaCl                                                             5gms   
K2 HPO4                                                       0.3 gm         
Agar                                                              3 gms 
Bromothymol blue 0.2 % aq.sol                  15 mls 
           The ingredients were dissolved in 1 liter of distilled water in a water 
bath. The pH was adjusted to 7.1, and then the indicator was added before 
sterilization by autoclaving at 115o C for 20 mins. A sterile solution of glucose 
solution was aseptically added to give a final concentration of 1%. The 
medium was mixed and distributed aseptically as 7 ml volume in sterile test 
tubes. 
 2.5.2.2 Triple Sugar Iron Agar (Oxoid CM0277) 
Ingredients                                             Quantity  
Lab-lemco powder                  03.0gm 
Yeast extracts                    03.0gm   
Peptone                                                     20.0gms   
Sodium chloride                                        05.0gms 
Lactose                                                      10.0gms 
Sucrose                                                      10.0gms 
Glucose                                                      01.0gm    
Ferric citrate                                              0.3gm 
Sodium thiosulphate                                 0.3gm 
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Phenol red                                                  0.024gm    
Agar                                                           12.0gms 
          Forty six and two fifth grams were suspended in 1 liter of distilled 
water, and boiled to dissolve completely well mixed and distributed into 
containers and sterilized by autoclaving at 1210 C for 15 minutes. Allowed to 
set as slopes with 2.5 cm butts. 
2.5.2.3 Nutrient gelatin (Oxoid CM 135 a)                   
Ingredients                                              Quantity 
Peptone                                                     5 gms 
Gelatin                                                      120 gms 
Lab-lemco powder                                   3gms 
        One hundred and twenty eight grams were suspended in a liter of distilled 
water , dissolved , sterilized by autoclaving at 121oC for 15 mins , and well 
mixed before pouring in bottles and cooled to below 20o C or left to set in 
refrigerator.    
2.5.2.4 Motility Media (Oxoid Ltd., England)  
Ingredients                                                 Quantity  
Nutrient broth                                               13gms 
Agar                                                               0.5gm 
          14.1grams of ingredients were suspended in 1 liter of distilled water and 
boiled to dissolve completely. The pH was adjusted approximately to 7.2 and 
then the medium was distributed in 3.5 mls into test tubes containing Craigie 
tubes and sterilized at 1210 C for 15 minutes. 
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2.5.3 Liquid Media 
2.5.3.1 Peptone Water Sugar (Barrow and Feltham., 1993) 
Ingredients                                                   Quantity 
Sugar                                                                 10 gms 
Peptone water                                                    109 gms       
Andrade’s indicator                                           10 mls 
           The solution of the specific sugar was prepared by dissolving ten gms 
of sugar in 90 mls of distilled water and nine hundred of peptone water, ten ml 
Andrade’s indicator was added and the mixture was thoroughly mixed. The 
medium was distributed into sterile test tubes and the pH was adjusted to 7.1-
7.3 and then sterilized by autoclaving at 1150C for 10 minutes.  
 2.5.3.2 Buffer peptone water (ISO 6579 1981) 
Ingredients                                                     Quantity 
Peptone                                                              10gms  
Sodium chloride                                                 5.0gms  
Di-sodium phosphate                                         3.5gms  
Potassium dehydrogenate phosphate                  1.5gms  
        Twenty grams of ingredients were suspended in 1liter of distilled water. 
Well mixed and distributed into final containers. Sterilized by autoclaving at 
1210C for 15 minutes.  
2.5.3.3 Tetrathionate medium (ISO6579 1988)  
Ingredients                                                     Quantity  
Meat extracts                                                     5,0gms  
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Peptone                                                             10.0gms  
Sodium chloride                                                 3.0gms  
Calcium carbonates                                            45gms  
Water                                                                 1000mls  
            The dehydrated base components were suspended in distilled water, and 
boiled until completely dissolved. The medium was sterilized by autoclaving 
at 1210 C for 20 mins.  
2.5.3.4 Selenite cystine medium (ISO6579-1981) 
Ingredients                                                                  Quantity  
Trypton 1                                                                          5gms 
Disodium hydrogen orthophosphate dodecahydrate       10gms 
Sodium hydrogen selenite                                                4gms  
Distilled water                                                                1000mls  
          The first three ingredients were dissolved in distilled water by boiling for 5 
mins. After cooling Sodium hydrogen selenite was added, and pH was 
adjusted to 7 at 250 C.  
2.5.3.5 Glucose phosphate broth (Brraows and Feltham., 1993)  
Ingredients                                                       Quantity    
Peptone                                                                  5gms  
Dipotassium hydrogen phosphateK2HPO4          5gms  
Glucose                                                                 5gms 
                   The medium was prepared by adding the peptone and K2HPO4 in one 
liter of distilled water, mixed, steamed to dissolve, filtered and the pH was 
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adjusted to 7.5. Glucose was added to give final concentration of 1%, mixed, 
distributed into sterile tubes in 5ml volumes and sterilized at 1150 C for 10 
minutes.  
2.5.3.6 Buffered Peptone Water (Oxoid CM0509) 
        Ingredients                                           Quantity  
Peptone                                                     10gms  
Sodium chloride                                       5.0gms  
          Di- sodium phosphate                              3.5gms  
Potassium dihydrogen                              1.5gms   
         Twenty grams were suspended in a liter of distilled water. Mix well and 
distribute into final containers. Sterilize by autoclaving at 121 0 C for 15 
minutes.  
2.5.3.6   4%NaCL   
Sodium chloride                     40.0grms 
Distilled water         1 liter 
          Sodium chloride was dissolved in distilled water, and made up to 1 liter. 
Distributed in test tube in 9 mls amounts and sterilized at 1210 C for 20 mins. 
2.5.4 Reagents    
           All reagents were obtained from British Drugs House Chemical (UK) 
and prepared according to Barrow and Feltham, (1993). 
2.5.4.1 Hydrogen Peroxide 
         This was prepared as 3% hydrogen peroxide which was protected from 
light and stored in a cool place until used for catalase test.  
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2.5.4.2 Nitrate Test Reagent    
*Solution A    
 0.33% sulphanilic acid in 5N- acetic acid dissolved by gentle heating. 
*Solution B  
  0.6% dimethyl-alpha- naphthylamine in 5-N-acetic acid.  
* Zinc dust   
2.5.4.3 Oxidase test reagent     
         A fresh aqueous solution of 1% tetra methyl-p- phenylenediamine was 
added to a fresh solution of 1% ascorbic acid as fresh solution. This was used 
to impregnate filter papers 50X50 mm, which were dried at 500 C.   
2.5.4.4 Voges- proskauer (V-P) reagent  
* Solution A  
5% alpha-naphthol in alcohol  
*Solution B   
 40% aqueous solution Na OH   
2.5.4.5 Iodine solution (ISO6579-1981) 
Ingredients                                        Quantity  
Iodine                                                  20gms  
Potassium iodide                                  25gms  
Distilled water                                     100mls  
          Potassium iodide was dissolved in a minimal volume of water, and then 
iodine was added .The medium was shaken until dissolved completely, diluted 
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to final volume. The medium was stored in a tightly closed opaque container. 
2.5.5 Indicator   
      All were prepared according to Barrow and Feltham1993.    
2.5.5.1 Andrade, s indicator 
        It was used for peptone water sugar medium .It was prepared by 
dissolving 5 gms of acid fuchsin in one liter distilled water, and then 150 ml in 
NaOH solution were added.  
2.5.5.2 Bromothymol blue   
          Bromothymol Blue was used for citrate medium and (O-F) medium. A 
total of 0.2 gms of the powder was dissolved in 100ml of distilled water.  
2.5.5.3 Phenol red  
       Phenol Red was used for urea agar base medium as 0.2% solution.  
2.5.5.4 Bromocresol purple 
         Bromocresol Purple was prepared as 0.2% aqueous solution and used as 
indicator for other purpose.  
2.5.5.5 Zinc powder  
          Zinc Powder was used for nitrate reduction test in five mg/culture.  
2.5.6 Diluents   
2.5.6.1   Normal saline (0.85%)    
           Eight point five grams of sodium chloride was dissolved in one liter of 
distilled water, dissolved and sterilized  by  autoclaving at 121 0 C for 15 
minutes.     
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2.5.6.2 Phosphate buffer saline  
        One tab of Potassium dihyrogen phosphate (KH2PO4) was dissolved in 
100 ml distilled water. Then sterilized by autoclaving at 1150 C for 10 
minutes.      
2.5.6.3 Ringer, s solution (Oxoid) 
Ingredients                                                  Quantity 
Sodium chloride                                             2.25gms  
Potassium chloride                                         0.105gm  
Calcium hydrogen carbonate                         0.12gm  
Distilled water                                                1liter  
        The salts were dissolved in distilled water, and distributed as required, 
sterilized by autoclaving at 1210 C for 20 min. Final pH 7.      
2.6 Methods of sterilization and disinfection  
2.6.1 Sterilization 
2.6.1.1 Dry Heat 
2.6.1.1.1 Hot air oven 
         This method was used for sterilization of clean glass ware, such as Petri-
dishes, pipettes, test tubes, flasks, mortors and pestles.  
2.6.1.1.2 Flaming 
       It was used to sterilize wire loops, straight wires and points of tissue 
forceps .Sterilization was achieved by holding the object as near as possible to 
the flame until it became red hot.  
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2.6.1.2 Moist Heat  
2.6.1.2.1 Autoclaving  
      Glass -ware such as MacCartney, bijou and universal bottles were 
sterilized in the autoclave at 15 pounds pressure for 15 minutes  (121o C for 15 
minutes). Media, such as motility medium, nutrient broth, peptone water, O-F 
medium and nitrate broth were sterilized at 1150 C for 20 minutes .Nutrient 
agar, blood agar, cooked meat medium and manitol salt agar were sterilized at 
1210 C for 15 minutes whereas glucose phosphate broth, gelatin agar and 
aesculin broth were sterilized by autoclaving at 1150 C for 10 minutes.  
2.7 Cultural Methods 
2.7.1 Aerobic viable count  
       The method of Miles and Misra (1938) was used to determine viable 
count of bacteria .1 ml from homogenate samples was serially diluted in 9 mls 
diluents to prepare ten-fold dilutions till the sixth dilution. Using the 
appropriate dilution, 0.1ml was deposited by a calibrated dropping pipette on 
the surface of the dried plate count agar for total viable bacterial count and 
MacConkey,s agar for coliform count in triplicates manner. The plates were 
then incubated at 370 C for 48 hrs.  The dilution chosen for counting provided 
between 30-300 colonies. The average number of colonies from triplicate 
plates was calculated and multiplied by dilution factor to give the number of 
colonies forming unit (CFU) per ml and multiplied by ten to give the CFU/gm.  
2.7.2 Salmonella Detection (ISO 6579-1981(E)) 
         In general, the detection of salmonella necessitates four successive 
stages: - 
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2.7.2.1 Pre-enrichment in non-selective liquid medium  
 The initial suspension was incubated at the specified temperature 370 C 
or 300 C for not less than 16 hrs and not more than 20 hrs. 
2.7.2.2 Enrichment in selective liquid media   
         Ten mls of culture as obtained above were transferred to a flask 
containing 100 mls of tetrathionate medium and of a selenite cystine medium. 
Incubated the tetarthionates medium at 430C, and incubated the selenite 
cystine medium at the specified temperature at 35 0C or 37 0C, for 24hrs, and 
then for 48hrs.   
 2.7.2.3 Plating out and recognition   
         From the cultures obtained above, and by loop inoculated the surface of 
one large size Petri dish  containing the selective  medium then incubated at 
370 C and examined after 24 hrs and, after 48 hrs to check for presence of 
colonies which, from their characteristics, are considered to be presumptive 
Salmonella.  
2.7.2.4 Confirmation  
        Sub-culturing of colonies of presumptive Salmonella, plated out as 
described above and confirmed by means of appropriate biochemical and 
serological tests.  
2.7.3. Swabs  
 Cotton-wool swabs were prepared from non-absorbent cotton-wool 
wound to a length of 4 cm and a thickness of 1-1.5 cm2 on stiff stainless-steel 
wire. They were placed into alloy tubes which were then plugged and 
sterilized. 
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         We moisten the swab with sterile quarter-strength Ringer’s solution and 
rub firmly over the surface being examined, using parallel strokes with slow 
rotation of the swab. Swab the surface a again, using parallel strokes at right 
angles to the first set (Harrigan1998).  
2.7.4 Aerobic Cultivation purification and preservation 
         Blood agar and Mac Conkey,s agar plates were streaked with 
homogenate poultry meat samples to give isolated colonies and incubated at 
370 C for 24 hrs .The plates were examined usually for detection of growth 
and any change in the media. Purification was done by repeated sub-culturing 
of well isolated colonies on new media (nutrient agar). The growth was 
checked for purity by examining by Gram, s stained smears. Pure cultures 
were persevered into Dorset egg medium and stored at 4 0C in a refrigerator. 
2.8 Identification of isolated bacteria  
2.8.1 Cultural characteristics  
         Cultures on solid media were examined with the naked eyes for growth 
and colonial morphology as well as any visible change in the media such as 
color, shape, size and hemolysis in blood agar medium. Liquid media were 
examined with the naked eye for turbidity, pellicle formation, sediment and 
color change. Pure culture isolates were identified according to Barrow and 
Feltham (1993) and ISO 6579 (1981).   
And it was done by:  
2.8.2 Primary test   
2.8.2.1 Gram’s stain 
         Gram’s stain was done according to the method described by Barrow and 
Feltham, (1993). It was used to study morphology, shape and Gram staining 
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reaction to each isolates. Small inoculate of bacteria were emulsified in a drop 
of normal saline and spread on a clean slide. The smear was allowed to dry in 
air and then fixed by gentle flaming. It was placed on rack and flooded with 
crystal violet (basic stain) and stained for 2-3 minutes. Slides were washed in 
running tap water until the stain stopped running. Then the slide covered with 
Lugol,s iodine (mordant) for 30 seconds, and washed in tap water. 
Decolourization was made with a few drops of acetone in no time. The slide 
was washed thoroughly in water, and counterstained with diluted carbol-
fuchsin for half minute, washed and blotted to dry with a filter paper. The 
prepared slides were examined under microscope using oil- immersion Lens. 
Bacteria colored red was labelled as Gram-negative organism while violet 
colored bacteria were labelled as Gram-positive.   
2.8.2.2 Oxidase test 
        The organism was grown on nutrient agar. A piece of filter paper 2cm in 
diameter was placed in a Petri dish and 2-3 drops of fresh 1% tetramethyl-p-
phenylene diamine dihydrochoride were dropped on the paper. The test 
organism was taken by sterile glass rod and smeared across the surface of the 
impregnated paper.  
A positive reaction was indicated by development of dark purple color within 
10 seconds, while no color change indicated negative reaction. 
2.8.2.3 Catalase test   
        A drop of 3% aqueous solution of hydrogen peroxide (H2O2) was placed 
on a clean slide and a small amount of the colony was placed on the drop by 
sterile glass rod.  
Recorded result:    Production of gas bubbles indicated positive result.  
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2.8.2.4 Motility test   
         The test strain was inoculated into the motility medium using straight 
wire and incubated at 370C for 48 hours.  
Recorded result: Motile bacteria migrated through the medium which became 
turbid.  
                 Non-motile bacteria were confined to the stab line.  
2.8.2.5 Sugar fermentation test   
         The peptone water sugars were inoculated with test organism, incubated 
at 370 C and examined daily for up to 7 days.  
Recorded result: A red colour in the medium indicated acid production. 
Durham’s tubes were also examined for the presence of gas production. 
2.8.2.6 Oxidation- Fermentation (O-F) test   
         The O-F test was used to determine whether a bacterium has the 
enzymes necessary for the aerobic break down of glucose (oxidation) and/or 
for the fermentation of glucose.   
          Two tubes containing Hugh and Leifson,s medium were inoculated with 
the test organism by stabbing with straight wire. The medium in one of the 
inoculated tubes was covered with a layer of sterile liquid paraffin oil to a 
depth of one cm; both were incubated at 370C for up to 14 days.     
          Recorded results: yellow colour in both tubes was caused by 
fermentative organisms. 
          A yellow colour in the un sealed tube is indicative of oxidative 
organisms.  
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2.8.3 Secondary test  
2.8.3.1 Citrate utilization  
          Simmon,s citrate medium  was inoculated with test-organisms and 
incubated at 370C and examined daily for 7 days.  
Recorded result: An alkaline reaction with colour change to blue indicated 
positive result.  No change in colour is considered as negative. 
2.8.3.2 Urease activity   
        A slope of urea agar medium was inoculated with the organism, 
incubated at 370C and examined daily for up to 7 days, and for salmonella 
detection incubated at 370 C + 10 C for  24 hrs + 3 hrs and examined at 
intervals . 
 Recorded result: Change in colour to pink indicated a positive reaction.  
  2.8.3.3 Hydrolysis of Gelatin   
       After inoculation, nutrient gelatin was incubated at 370 C for up to 14 
days and every 2-3 days the tube was placed in the refrigerator for two hrs.  
Recorded result: Positive result recorded was when gelatin remained liquefied 
in the refrigerator temperature.   
2.8.3.4 Nitrate reduction   
        Nitrate broth was inoculated lightly with the organism and incubated for 
up to 5 day at 37o C. 
One ml of nitrate reagent A and reagent B were added.  
Recorded result: A deep red colour indicated reduction of nitrate to nitrite.  
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2.8.3.5 Triple sugar iron (TSI) test (ISO 6579:1981(E))  
         The agar slant surface was streaked and stab the butt. Incubated at 370 C 
+ 10 C for 24 hrs + 3 hrs.  
Recorded result: The result was interpreted as follows.  
a) Butt  
      -   Yellow                                 glucose positive (glucose used)   
      -    Red or unchanged                glucose negative (glucose not used)  
      -    Black                                   formation of hydrogen sulfide  
      -    Bubbles or cracks                gas formation from glucose  
b) Slant surface  
      -   Yellow                                  lactose and/or sucrose positive 
                                                  (Lactose and/or sucrose used)                         
      -   Red or unchanged                 lactose and sucrose negative  
                                                  (Neither lactose nor sucrose used)  
 2.8.3.6 Agglutination test (ISO 6579:1981(E))  
         One drop of the saline solution was placed onto a carefully cleaned glass 
slide. Dispersed in the drop, by loop, part of the colony to be tested, in order to 
obtaine a homogenate and turbid suspension. The slide was rocked gently for 
30s to 60s.The test slide was examined against a dark background, preferably 
with the aid of a magnifying glass. 
         Recorded result: The clumped into more or less distinct units, was 
considered auto-agglutinable. 
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2.8.3.7 Voges-Proskauer (V-P) test   
         A loopful of the suspected colony was suspended in a sterile tube 
containing 3ml of the V-P medium. Incubated at 370 C + 10 C for 24 hrs + 3hrs 
.After incubation, added two drops of the creatine solution, three drops of the 
ethanol solution of 1- naphthol and the two drops of the potassium hydroxide 
solution; shaken after the addition of each reagent. 
Recorded result: The formation of a pink to bright red colour within 15 mins 
indicated a positive reaction. 
2.8.3.8 4% NaCl 
        The test strain was inoculated into 4% NaCl, incubated at 37o  C. 
Recorded result: 
          Positive result was recorded when there was growth. 
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CHAPTER THREE 
RESULTS 
 One hundred and forty eight isolates were identified from 30 samples. 
Three isolates of Salmonella from 10 samples, 68 isolates from Pre- 
evisceration and 77 isolates from Post- evisceration (Table, 2). 
3.1 Aerobic bacterial load: 
3.1.1 Pre- evisceration   
        The aerobic plate counts of ground poultry by-product samples ranged 
between 9X105 to 2X104 colony forming per 10 grams (CFU/10gm) with an 
average load of 2.36X105 CFU/10gm (Table,9). 
3.1.2 Post -evisceration    
 The aerobic plate counts of samples from this source ranged between 
3X107 to 1.8X105 colony forming per 10 gram (CFU/10gm) with an average 
load of   5.338X106 CFU/ 10gm (Table, 9).     
3.1.3 Water       
  The aerobic plate counts of water pre-used were within the range of 
7.7x104  to  1.9x103 CFU/ml, with an average load of 10.34x104 , while the 
coliform count ranged between 5.8x104  to  1.9x103 with average  1.62x105 
CFU/ml  and the aerobic plate of used water were within the ranged from 
7.5x105  to 2.1x104  CFU/ml with a verge 1.5025x105 CFU/ml, and coliform 
count 9x104to 1.9x105 with average 1.5x105 CFU/ml.   
3.1.4 Equipment        
  The aerobic count of equipment samples were within the range of 
10.1x105 to 4x104 CFU/10cm, with an average load of 3.68x105 CFU/10cm2. 
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3.1.5 Workers  
 The aerobic count of workers, hand at clean zone were within  the range 
of 2.5x104 to 1.8x104 CFU/10cm2  with an average load of 1.14x105 
CFU/10cm2, while the counts of workers, hand at dirty zone were within range 
of 2.3x106 to 2.6x105 CFU/10cm2 with an average load of 8.54x105 
CFU/10cm2.    
3.1.6 Wall 
 The aerobic count of wall at different part at slaughter house ranged 
between 2.8x104 to 2.4x105 CFU/10 cm2, with an average load of 7.76x104 
CFU/10 cm2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 72
 
 
 
 
Table (2): Prevalence of aerobic bacteria in slaughtered broilers meat examined at 
various stages of slaughtering:       
     
 
Source No. of 
samples 
No. of 
isolates 
Frequency of 
isolation% 
Pre Evisceration 15 68 46.89% 
Post Evisceration  15 77 53.10% 
Total 30 145 100% 
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  Table (3): Type of bacteria isolated from broiler carcasses 
  
Number of isolates No Isolated organisms 
Group A Group B 
1 Streptococcus spp 2 5 
2 Bortedella spp - 5 
3 Streptobacillus spp 1 - 
4 Branhamella spp 1 - 
5 Kingella kingae  1 - 
6 Aeromons spp 1 - 
7 Bacillus spp  13 6 
8 Staphylococcus spp 23 7 
9 Micrococcus spp 13 16 
10 Enterobacter spp 5 5 
11 Enterococcus spp - 5 
12 Corynbacterium spp - 7 
13 Moraxella spp 7 16 
14 Salmonella spp 1 2 
15 Flavobacterium spp - 3 
Total 68 77 
 
Group A = Pre Evisceration 
Group B = Post Evisceration    
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Table (4): Percentage of bacteria isolated from broiler carcasses     
  
 
Percentage of isolates  No Isolated organisms 
Group A Group B 
1 Streptococcus spp 1.35% 3.37% 
2 Bortedella spp 0.67% - 
3 Streptobacillus spp 0.67% - 
4 Branhamella spp 0.67% - 
5 Kingella Kingae spp 0.67% - 
6 Aeromons spp 0.67% - 
7 Bacillus spp  8.78% 4.05% 
8 Staphylococcus spp 15.54% 4.72% 
9 Micrococcus spp 8.78% 10.81% 
10 Enterobacter spp 3.37% 3.37% 
11 Enterococcus spp - 3.37% 
12 Corynbacterium spp - 4.72% 
13 Moraxella spp 4.72% 10.81% 
14 Salmonella spp 0.67% 1.35% 
15 Flavo bacterium spp  - 2.02% 
 
Group A = Pre Evisceration 
Group B = Post Evisceration   
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3:2 Bacteria species isolated from different samples   
3:2:1 Pre –evisceration   
           Different isolates were made from these samples with different 
percentages: Streptococcus, Streptobacillus, Staphylococcus, Micrococcus, 
Enterobacteria,   Bacillus, Branhamella, Kingella kigea, Salmonella and 
Aeromons (Table 3, 4).  
3:2:2 Post – evisceration   
          Samples from this source gave the highest recovery rate of bacterial 
isolates with highest percentage: Streptococcus, Staphylococcus, Micrococcus, 
Enterococcus, Enterobacter, Bacillus, Corynebacterium, Bortedella, 
Moraxella, Salmonella, Flavobacterium (Table 3, 4). 
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Table (5) Characters of Gram-negative bacteria isolated from broiler carcasses    
 
 
Test Bortedella Branhamalla Aeromons Kingella 
kingae 
Entrobacter Moraxella Sallmonella Streptobacillus 
Shape Rod +short 
rod 
 
S 
 
R 
 
R 
 
R 
 
R 
 
R 
 
R 
Motility ± - + - ± - + - 
Oxidase ± + + + ± + - + 
Catalase + + + - + + + + 
O-F - - F F F -  - 
Sugar 
fermintaion
- - - - +/+A - +A +A 
                S: Sphere            R: Rod                        F:  Fermentation                         A: Acid 
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Table (6): Characters and biochemical properties of Gram-positive bacteria isolated from broiler carcasses:      
 
Test Streptococcus Bacillus Staphylococcus Enterococcus Micrococcus Corynbacteria 
Shape S R S S S R 
Motility - ± - ± - - 
Oxidase - ± - - ± - 
Catalase - ± + - ± + 
O/F F -/O/F F F - ± 
Sugar  +/+A +/+A/-/AG +/+A ± ± +/-/F 
S: Sphere (coccus)                       R: Rod                       F: Fermentation              O: Oxidation      A: Acid   
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Table (7): Biochemical reactions of Moraxella spp   
   Type of reaction Moraxella phenylpyruvica Moraxella urethralis 
Gram-stain - - 
Shape R R 
Catalase + + 
Oxidase + + 
O/F - - 
Sugar fermentation - - 
Motility - - 
Growth on blood agar +/Heamolysis +/Heamolysis 
Growth on M.C agar + + 
Urease - - 
4%Nacl + + 
Gelatin - - 
Growth in 420 C - + 
Nitrate + + 
Citrate - - 
R: Rod  
M.C:  MaConkey,s agar. 
O/F: Oxidation Fermentation test 
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Table (8): Biochemical reaction of Salmonella   
  
 
Test Salmonella 
Gram-stain - 
Shape R 
Catalase + 
Oxidase - 
Glucose +A 
TSI + with production of HS lead to 
blacking/gas production 
XLD + with black colony 
Uraese - 
BGA Red colony 
VP + A pink/ red colour 
Motility + 
Agglutination test + 
 
R:  Rod 
TSI: Triple Sugar Iron Agar 
XLD: Xylose Lysine Deoxycholate agar 
BGA: Brilliant Green Agar 
VP: Voges-Proskauer reagent 
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Table (9): Total viable count of broiler and related area    
 
Total Viable Count Source 
Minimum Maximum Average 
Pre- evisceration-CCP1 2x104 
CFU/10gm 
9x105 
CFU/10gm 
2.36x105 
CFU/10gm 
Post- evisceration-CCP2 1.8x105 
CFU/10gm 
3x107 
CFU/10gm 
5.338x106 
CFU/10gm 
Water before used-CCP3 1.9x103 
CFU/ml 
7.7x104 
CFU/ml 
10.34x104 CFU/ml 
Water after used-CCP4 2.1x104 
CFU/ml 
7.5x1o5 
CFU/ml 
1.5025x105 
CFU/ml 
Equipment 
 CCP5 
4x104 
CFU/10cm2 
10,1x105 
CFU/10cm2 
3.68x105 
CFU/10cm2 
Wall-CCP5 2.8x104 
CFU/10cm2 
2.4x105 
CFU/10cm2 
7.76x104 
CFU/10cm2 
Workers, at clean zone- 
CCP5  
1.8x104  
CFU/10cm2 
2.5x104  
CFU/10cm2 
1.14x105  
CFU/10cm2 
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Total Viable Count Source 
Minimum Maximum Average 
Workers, at dirty zone-
CCP5 
2.6x105 
CFU/10cm2 
2.38x106 
CFU/10cm2 
8.54x105 
CFU/10cm2 
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Table (10):   Total Coliform in Water  
 
 
Total Coliform Water before used Water after used 
Maximum 5.8x104 CFU/ml 1.9x105 CFU/ml 
            Minimum 1.9x103 CFU/ml 9x104 CFU/ml 
            Average 1.62x105CFU/ml 1.5x105CFU/ml 
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Figure(2  ) TSI  test tube number 1  from left to right (-), number  2  
(+) Salmonella spp noticed balck at butt indicator to H2s , number  3 (-
) at last tube 
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Figure (3) Urease test from left to right tube number (1) Salmonella spp +ve, 
number (2) +ve, tube number (3) control –ve. 
  
  69
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure (4) Salmonella spp poly O factors A-S 
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Figure (5) Urease test Salmonella spp -ve 
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Figure (6) Salmonella spp on 
 XLD Agar  
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Figure (7) Salmonella spp on Brilliant Green agar, left Salmonella spp positive, 
right Salmonella negative 
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Figure (8): Agglutination test Salmonella spp positive at two slides. 
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Figure (9): Moraxella spp on Nutrient Agar 
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Figure (10); Moraxella spp on Blood Agar 
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Figure (11): Moraxella spp on Mac Conkey,s agar 
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Fig (14): The prevelence of bacteria in pre Evisceraction group A
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CHAPTER FOUR 
DISCUSSION 
 Implementation of the HACCP system in poultry processing plants 
addresses zoonotic agents that are not detectable by conventional meat inspection 
procedures and can help to control contamination of carcasses with spoilage 
organisms.  
        The system is now being applied globally in two different situations: first 
scenario, such as that occurring in the USA, carcass contamination is clearly 
reduced as caresses pass through the process and are finally chilled in super 
chlorinated water, in second scenario, processors in the EU are not allowed to 
super-chlorinate process water, and water chilling, which has an important 
washing effect. It is confined to carcasses intended for freezing.  
        The microbiological safety and quality of poultry meat are equally important 
to producer, retailers and consumers, and both involve microbial contamination 
on the processed product. Two quite different groups of microorganisms are 
relevant; on the other hand certain food-borne pathogens, are generally harmless 
to human health, but being psychrotrophic, are able to multiply on the product 
during chill storage. Spoilage results mainly from off odour development, and 
product shelf-life is determined both by the number of spoilage organisms present 
initially and the temperature history of the product at all stages of production and 
subsequent storage and handling (Pooni and Mead 1984).  
        CCPs: - A step at which control can be applied and is essential to prevent or 
eliminate a food safety hazard or reduce it to an acceptable level.  
  The mean obtained from chicken carcasses in post-defeathering stage 
(CCP1) was 2.36x105 CFU/10gm and this result agrees with Sudanese Standards 
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for Food. Forth and Hayes (1998), Mead et al (1993), Nortermans et al (1980) 
and Clouser et al (1995). This is because mechanical feather pluckers increase the 
bacterial load on the skin by cross-contamination (Forsyth and Hayes).  
 No significant reduction in bacterial count following evisceration stage 
(CCP2) 5.338x106 CFU/ 10gm .This finding agrees with those of Mead et al 
(1993), Lillard (1990), Goksoy et al (2004), Forsyth and Hayes (1998) and Abu- 
Rwaida et al (1994), because the number of Enterobacteriaceae increased due to 
breakage in intestines and spreading faecal types over the surface. 
  The mean TVC on equipment surfaces was 3.68x105CFU/10cm. This high 
value may be due to the fact that equipment used were not adequately cleaned 
and sanitized at short intervals. This disagrees with Robert and Hudson (1987) 
who mentioned that contamination could be reduced if equipment were 
adequately cleaned and sanitized at short intervals. 
 The mean TVC for water containing ice+ NaCl in water tank before 
immersion of carcasses CCP3 was 10.34x104CFU/ml and the mean Coliform was 
16.17x105 CFU/ml, while the TVC of water after immersing the carcasses CCP4 
was 5.99x105CFU/ml and, the mean Coliform was 1.5x105CFU/ml. This could be 
due to water which is considered to be an unlimited natural resource and a quick 
fix to eliminating carcass feacal contamination. Similar observations were 
reported by Banwart (1981) who stated that water could be considered as a 
potential source of microbes.  
 The mean TVC for food handlers at clean zone CCP5 was 
11.3x104CFU/10cm2 while the TVC for food handler at dirty zone CCP5 was  
8.54x105 and this agrees with Amelia et al (1995) .This could be due to the 
bacterial number being decreased significantly from dirty to the clean areas. 
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 Greats (1984) showed that cleaning and disinfection, proper slaughter 
techniques, could contribute to the production with low numbers of 
microorganisms.  
 The types of aerobic bacteria on chicken carcasses were analyzed for 
hazard at two CCPs on the broiler’s processing line at the slaughter- house. The 
composition of the flora at these CCPs of the processing line showed saprophytic 
and pathogenic bacterial genera. This is in agreement with Nagla (1998).   
 For food to be entirely safe from the microbiological viewpoint, it needs to 
be free from all pathogenic organisms. It is widely recognized, however, that this 
is not a realistic goal for raw poultry meat. There is still no economically viable 
means of eliminating food- borne pathogens in poultry-meat production, without 
the use of ionizing radiation, which is presently unacceptable to many consumers. 
Therefore, some level of product contamination must be tolerated, although this 
varies widely from country to another, especially in relation to Salmonella .In 
Sudan, Salmonella should not be detected in more than one fifth of the sample 
units examined (n:5) according to Sudanese Microbiological Standers for Food 
(2001) and this disagrees with the results obtained in CCP2 but acceptable with 
the result in CCP1 and this may be due to contamination with Salmonella which 
are often found in intestines of the live birds( Hubbert et al 1975, Frazer and 
Westhoff 1978, Wanger and Jr 2000, and Hiba 2007), or from contamination 
during processing from food handlers (Hisham, 2007).  
  Moraxella spp were detected from poultry carcasses at two stages pre-
evisceration (CCP1) and post-evisceration (CCP2), with different percentage; 
CCP1 4.7%, CCP2 10.8% and the high rate at CCP2 may be due to cross 
contamination from water used for washing carcasses after evisceration. This 
agrees with Mead (2004) who mentioned that water is an important source of 
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contamination, while low percentage in CCP1 may be due to Moraxella as 
microflora of skin as Stephenj (2000) and Harrigan (1998) reported. 
  Staphylococcus spp were isolated in this study at CCP1 at high rate "15.5% 
", and at CCP2 with low percentage and this is similar to what was reported by 
Forsythe and Hayes (1998) because of the mechanical feather plucker increasing 
the bacterial load on the skin of birds, particularly with Staphylococcus aureus, 
and cross contamination in CCP2 from food handlers as mentioned by Norman 
(1999). Bryan (1978) considered food handlers as an important source of food 
contamination with Staphylococcus. 
  Results on frequencies of isolation of Enterobacter from CCP2 were found 
to be higher than CCP1. The presence of this organism may probably be due to 
contamination with intestinal contents or feacal materials during evisceration. 
However, Abdalla (1993) isolated Enterobacter from liver, external and internal 
surfaces of poultry carcasses. 
 Aeromons spp were isolated from CCP1 with low percentage and were not 
isolated from CCP2 and this may be due to cross contamination from water. This 
organism, however, was isolated from poultry in low incidences (Kaper et al, 
1981). 
 Enterococuss spp were isolated from CCP2 with 3.37% and was not 
isolated from CCP1 and this may be due to cross contamination from water as 
Kenner and Kabler (1960) and Salih (1971) pointed out.  
 Corynebacterium spp were isolated from CCP2 4.7% and were not isolated 
from CCP1. This may be due to their transmission from near by cattle and sheep 
farms through rodents. 
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 Bacillus spp were isolated from CCP1 with the highest percentage "8.78%" 
and were isolated from CCP2with low percentage "4.05%". This may be due to 
CCP1 located at dirty zone and occurrence of cross contamination with Bacillus 
spp is high compared with clean zones.  
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RECOMMANDATIONS 
             As it is known, Sudan is an open country, where sanitation is 
questionable. Winds and dust are all over the place. Therefore, implementation of 
GMP programmer in factories in Sudan is far better than using the HACCP 
protocol. GMP is one of the most important systems to implement HACCP since 
it is very specific. 
         Factories in the Sudan are semi-automatic ones. Many adverse comments 
will arise, first of all the cleanliness of premises, staff and workers. Complete 
washing facilities and towels for workers are essential.  
        This semi-automatic line of poultry processing needs a lot of precautions in 
order to protect consumers from salmonella illnesses. Modification of the line of 
processing is needed in order to implement the GMP programmer which is the 
main step for the HACCP program.   
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NO NO of sample Gram Shape Motility Catalase Oxides Glucose O/F Genus 
1 A11 + R + + + +A F Bacillus  Spp 
2 A12 + S - + - +A F Staphylococus  Spp 
3 A13 + S - + - +A F Staphylococcus Spp 
4 A14 + S - + - +A F Staphylococcus Spp 
5 A15 - R - + + - - Moraxella  Spp 
6 A21 + R + + - +A F Bacillus Spp 
7 A22 - R + + - +A F Enterobacteria Spp 
8 A23 + S - + + + - Micrococcus Spp 
9 A24 + S - + - + F Staphylococcus Spp 
10 A25 + S - + + + - Micrococcus Spp 
11 A31 - R - + + - - Moraxella urethralis
12 A32 + S - + + + - Microcccus Spp 
Appendix (1): Prevalence of aerobic bacteria in poultry carcasses 
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13 A33 - R - + + - - Moraxella Spp 
14 A34 + S - + + - - Micrococcus Spp 
15 A35 + R + + + + F Bacillus Spp 
16 A36 - R - + + A F Aeromonas Spp 
17 A41 + S - + - +A F Staphylococcus  
18 A42 + S - + + + - Micrococcus Spp 
19 A43 + S - + - +A + Staphylococcus Spp 
20 A44 + R - + + - - Bacillus Spp 
21 A51 + S - + - A F Staphylococcus Spp 
22 A52 + S - + - A F Staphylococcus Spp 
23 A53 + S - + + + - Micrococcus Spp 
24 A54 - R - + + - - Moraxella 
25 A55 + S - + - +A F Staphylococcus Spp 
26 A61 - R - - + - F Kingella kingae Spp 
  80
 
27 A62 + S - + - +A/G F Staphylococcus Spp 
28 A63 - R - + + - - Moraxella 
29 A64 + R - + - - - Bacillus Spp 
30 A65 + S - + - A F Staphylococcus Spp 
31 A71 + S - + - A F Staphylococcus Spp 
32 A72 - R - + + +A - Streptobacillus Spp 
33 A73 + S - + + +A - Micrococcus Spp 
34 A74 + S - + - + F Staphylococcus Spp 
35 A75 + S - + - +sA F Staphylococcus Spp 
36 A81 + R+ 
Spore
+ + + A F Bacillus Spp 
37 A82 + S - + - A F Staphylococcus Spp 
38 A83 - R - +w + - - Moraxella Spp 
39 A84 - R + + + + F Aeromons  Spp 
  81
 
40 A91 + S - + - + F Staphylococcus Spp 
41 A92 - R - + + - - Moraxella Phenyl 
pyruvica 
42 A93 + S - + - A F Staphylococcus Spp 
43 A94 + S - + + + - Micrococcus Spp 
44 A101        lost 
45 A102 - R - + - A F Enterobacteria  Spp 
46 A103 + R - + + - - Bacillus Spp 
47 A104 + S - - - A F Streptococcus Spp 
48 A111 + R+ 
Spore
- + + - - Bacillus Spp 
49 A112 + S - + - - - Micrococcus Spp 
50 A113 + S - + - A/G F Staphylococcus Spp 
51 A121 - R - + - A F Enterobacteria Spp 
52 A122 + R - +w + + -aALK Bacillus Spp 
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53 A123 - R - + - A F Enterobacteria Spp 
54 A124 + S - - - A F Streptococcus Spp 
55 A131 + R + + + + F Bacillus Spp 
56 A132 + S - + - + F Staphylococcus Spp 
57 A133 + R - + + - - Bacillus Spp 
58 A134 + R - - + - -ALK Bacillus Spp  
59 A135 + S - + + + -ALK Micrococcus Spp 
60 A136 + S - + + + - Micrococcus Spp 
61 A137 + S - + - + F Staphylococcus Spp 
62 A141 + S - + - +A F Staphylococcus Spp 
63 A142 + S - + + + -ALK Micrococcus Spp 
64 A143        lost 
65 A144        lost 
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66 A145 + S - + - + F Staphylococcus Spp 
67 A146 + S - + + + -ALK Micrococcus Spp 
68 A151 + S - + - A F Staphylococcus Spp 
69 A152 + S - + - A F Staphylococcus Spp 
70 B11        lost 
71 B12 - R - + + - -ALK Moraxella Spp 
72 B13 + R + + + - -ALK Bacillus Spp 
73 B14 - S - + + - - Branhamella Spp 
74 B15 - R - +w - - - Bortedella Parapertussis 
75 B16 - R - + - - - Moraxella Spp 
76 B21 + R - + - - - Corynebacterium Spp 
77 B22 - R - + + - -ALK Moraxella Phenylpyruvica Spp 
78 B23 + S - + + + - Micrococcus Spp 
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79 B31 - SR - + - - - Bordetella 
Parapertussis  
80 B32        Lost 
81 B33        Lost 
82 B34 + SR - + - + F Corynebacteria Spp 
83 B35 - SR - + - + +F Enterobacteria Spp 
84 B36 - SR - + - + +F Enterobacteria Spp 
85 B37 + R + + - - F Bacillus Spp 
86 B38 - R - - + + 0 Flavobacterium Spp 
87 B39 - R - +w + - - Moraxella Spp 
88 B41 - SR - + + - -ALK Bortedella Spp 
89 B42 - R - + + - - Moraxella   Spp 
90 B43 - R - + + - - Moraxella Uretharlis 
91 B44 + R - + - - - Corynebacterium  
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92 B45 - R - + + - - Moraxella Spp 
93 B51 - R - + + - - Moraxella Spp 
94 B52 + S - - - + F Sterptococcus Spp 
95 B53 + S - + + - - Micrococcus Spp 
96 B61 + S - + + - - Micrococcus Spp 
97 B62 + S - + - +A/G F Staphylococcus Spp 
98 B63 + S - + + - - Micrococcus Spp 
99 B64 + S - + - +A/G F Staphylococcus Spp 
100 B65 - R - + - - - Bordetella 
Parapertussis 
101 B66 + S - + - + F Staphylococcus Spp 
102 B71 - R - + - A/G F Enterobacteria Spp 
103 B72 - R - +w - + F Enterobacteria Spp 
104 B73 - R + + - + F Enterobacteria Spp 
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105 B74 + S - + - + F Staphylococcus Spp 
106 B75 + S - - - + F Sterptococcus Spp 
107 B76 + R - + + - - Bacillus Spp 
108 B77 - R - + + - - Moraxella Spp 
109 B78 - R - - + + O Flavobacterium Spp 
110 B79 + S - + + - - Micrococcus Spp 
111 B7110 - R - + + - - Moraxella Spp 
112 B711 + S - + + - - Micrococcus Spp 
113 B81 + S - + + - - Micrococcus Spp 
114 B82 + S - - - + F Sterptococcus Spp 
115 B83 - R - - + + O Flavobacterium Spp 
116 B84 + S - + + - - Micrococcus Spp 
117 B91 - R - + + - - Moraxella Spp 
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118 B92 - S - - - + F Sterptococcus Spp 
119 B101 + R - + - - - Corynbactrium Spp 
120 B102 - R - + + - - Moraxella Spp 
121 B103 + R - + - - - Corynbacterium Spp 
122 B111 + S - - - + F Sterptococcus Spp 
123 B112 - R - + + - - Moraxella Urtharils 
124 B113 + S + - + - - Micrococcus Spp 
125 B114 + S + - + - - Micrococcus Spp 
126 B121 + S + - + - - Micrococcus Spp  
127 B122 + R - + + - - Bacillus Spp 
128 B123 + R + + - + O Bacillus Spp 
129 B124 - R - + + - - Moraxella Spp 
130 B125 + S + - - + F Enterococcus Spp 
131 B126 + S - - - A/G F Enterococcus Spp 
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132 B127 + S - + - A/G F Staphylococcus Spp 
133 B128 - R - + + - - Moraxella Spp 
134 B131 - R - + - - - Bordetella Spp 
135 B132 + S + - - + F Enterococcus Spp 
136 B133 + S - + + - - Micrococcus Spp 
137 B134 - R - + + - - Moraxella  Spp 
138 B141 + R - + - - - Corynebacterium Spp  
139 B142 + S - + - - - Micrococcus Spp 
`140 B143 + R - + - + F Corynebacterium Spp   
141 B144 + S - + - +A/G F Staphylococcus Spp 
142 B145 + S - + - - - Micrococcus Spp 
143 B151 + S - + - + F Staphylococcus Spp 
144 B152 + R - + + + F Bacillus Spp 
145 B153 + S - + - + F Enterococcus Spp 
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146 B154 + S - + - - - Micrococcus Spp 
147 B155 + S - + - - - Micrococcus Spp 
148 B156 + S - + - + F Enterococcus Spp 
 
R: Rod-shape 
F: Fermentation 
A/G:  acid and gas 
O: Oxidation 
S: Sphere (coccus) 
SR: short rod 
ALK:  alkaline 
A: Acid  
w:  week reaction. 
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